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Tun connexion of astronomy with geography 
is so evident, and both in conjunction so neces- 
gary to a liberal education, that no man will 
be thought to bave deseryved ill of the republic 
| of letters, who has applied his endeavours to 
diffuse more universally the knowledge of these 
useful sciences, or to render the attainment of 
them easier; for, as no branch of literature can 
be fully comprehended without them, so there 
is none which impresses more pleasing ideas on 
the mind, or affords it a more rational enter- 
tainment. | 
The fifth edition of my. father s treatise on 
the globes being out of print, I was solicited to 
' reprint it. To obviate several objections to the 
form in which he had disposed the problems, 
I was induced to undertake the present work, 
in which they are arranged in a more metho- 
: dical manner, and a great number added to them. 
|. - Such facts are also occasionally introduced, such 
observations interspersed, and such relative in 
. ſormation communicated, as it is presumed will 
excite curiosity, and fix attention. 
| a2 
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Having proceeded so far in this work, I found 
that it was easy to render it subservient to my 

plan. of publishing, from time to time, © Es84ars, 
DESCRIBING THE USER oF MATHEMATICAL 
AND PRILOSOHICAL INSTRUMENTS ;” for the 
discription of those which have been contrived 
to smooth the path to the science of astronomy, 


or to facilitate the practice of the arts depend- 


ing on it, could no where be introduced with 
so much. propriety, as in a work which treated 
of its elementary prineiples. ; 
To further this design, it was necessary to 
prefix an introduction to astronomy. This is 
divided into three parts. In the first, the pupil 
is supposed to be placed in the sun, the center 
of the solar system; from this situation he con- 
siders the motion of the heavenly host, and finds 
that all is regular and harmonious. In the se- 
cond part, his attention is directed to the ap- 
pearances of the planetary bodies, as observed 
from the earth. It were to be wished "that the 
tutor would at this part exhibit to his pupil the 
various phenomena in the heavens themselves: 


by teaching him thus to observe for himself, be 


would not only raise bis curiosity, but so fix 
the impressions which the objects bave made 
on his mind, that by proper cultivation they 
would prove a fruitful source of useful employ- 
ment; and he would thereby also gratify "Wit 
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eager desire after novelty, which continually ani- 
mates young minds, and furnish them with objects 
on which to exereise their natural activity. In 
the third part of this introduction, the received, 
or Copernican system is explained: by this sys- 
tem the various phenomena of the heavens are 
rationally accounted for ; it shews us how to-re- 
concile the real state of things with the fallacies 
arising from the senses; and teaches us that the 
irregularities observable in the motion of the hea- 
venly bodies, are for the most part to be attri- 
buted to the situation from which they are ob- 
served. Astronomy, in common with other bran- 
ches of mathematics, while it- strengthens the 
powers of the mind, restrains it from rasb r. 
sumption, and disposes it to a rational ascent, 
The principles of the Copernican system 
are further elucidated in the third Essay; in 
which the most improved planetarium, lunarium, 
and tellurian, are discribed, These instruments, 
though less complicated in their cqnstruction and 
less expensive to the purchaser, than those large 
ones heretofore made for the same purpose, are 
equally, perhaps better, adapted to explain the 
general principles. of astronomy. In describing 
them, it was necessary to re- consider many sub- 
jects which had been previously treated; but as 
they are here placed in another point of view, 
presented to the mind under a different form, 
are generally discribed in other words, and often 
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with the addition of new matter, it is hoped 
that these repetitions, so far from being an object 
of complaint, will be found to contribute to the 
main intention of this work, by conveying fur- 
ther instruction, fixing it more deeply in the mind, 
and rendering that obvious which before might Es 
be found difficult. üben 

One part seemed wanting to an bal dsetory 
treatise on practical astronomy; something that 
would gently lead the pupil to A knowledge | 
of the practical part of this science, a branch 
of astronomy to which we are indebted for our 
present knowledge of the heavens, by which 
geography has been improved, and by which the 
passage of ie over the trackless ocean is faci- 
litated. . | N 

"There i is no part cf watheniate science more 
simple and easy, than the measurement of the 
relative positions and distances of inaccessible 
objects; yet, to the uninstructed, to determine 
the distance of a ship on the ocean, to ascer- 
tain the height of the clouds and meteors that 
float in the atmosphere, to fix the latitude and 
f longitude of places, &c. are problems. that have 
ever appeared to be above' the reach of human 
art; they are therefore particularly calculated to 
engage the attention of young minds, and may 


be used to aße Filkgones, © and reyard | 
| . 6 rapmch wb | 
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' To introduce the pupil to this branch of as- 


tronomy, I have described two instruments, each 
of which is simple in its construction, and of 
small expense. By these he may find the dis- 
tance of any inaccessible object, the height of 
a spire, a mountain, or any other elevation; 
learn to plot a field; ascertain the altitude of a 
cloud, a fire- ball, or any other meteor; deter- 
mine with accuracy the hour of the day, the 
latitude or longitude of a place, with many other 
curious problems. In the selection of these, for 


the first edition, I have to acknowledge the as- 


Nees: I received from an ingenious friend, 


The Editor of the other works of the late Mr. 
G. Apams, lately reprinted, thinks it necessary 10 
inform the Reader that this work has been carefully 
revised by him, all observed errors corrected, and 
such mall additions made as appeared necessary to 
_ the Hennen of the e | 


.- DERIC KANMACHER, Fellow of the Linnzan Society. 


Published by the tate Author, now rinted for, and 
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And ghortly will be published, ; 
THE DESCRIPTION AND USE OF THE GLOBES, 
e == _ w. Jen 5 1 
Z Containing a comprehensive Variety of Problems illustrative 
of the ſundamental Principles of Geography and Astronomy; 2 
Collection of Examples for Solution; a Description of the va- 
rious Constructions of Globes hitherto made, and of a new 
Apparatus, invented by the Author, applicable to Globes, for 
the Purposes of extending their Uses in the Solution of Pro- 
blems and making Observations on the heavenly Bodies, &c. 
Intended principally to accompany the xREwW EIGHTEEN INCR 
BRITISH GLOBES, just completed. 8vo, with Copper-plate Fi- 
gures. n : 0 its 8 f ; 
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5 5 5 N GLOBES. 


w. 2 8. JONES think it proper + Ne to den the 
3 that there are just completed two entire new. sets of 


8 engrayed plates, for Globes of eighteen and twelve inches in 


>} 


diameter. The many recent geographical and astronomical 


discoveries have rendered the old globes inaccurate and obsolete, 
and new ones indispensably necessary. \ 

On the eighteen inch Terrestrial, are invented all the latest 5 
discoveries from the voyages of Capt. Cook, Vancouwre, Perouse, 


Kc. engraved from an accurate drawing by Mr. Arrowsmith, 


and all the names of the places delineated in a clear and distinct 


manner. On the Celestial, is depicted the exact places of more 
than 6000 stars, elusters, planetary nebulæ, &c. communicated 


by Dr. Hersche] and other astronomers, and calculated, i in posi- 


tion, for the next century, or the beginning of 1800, by V. Jones. 
The size of these Globes, which is considered of the dimensions 
the most manageable, renders them comprehensive of many 


particulars not to be contained in smaller ones. The gradua- | 
| tions of the great circles are to 20 minutes, of a degree; and by 
simple and improved hour circles, the me is shewn to a few 


minutes. The Globes are 30 constructed, as in the simplest 


manner to be capable of all solutions that it is possible for 


globes to give, and the names are in the English language. ö 
The general prices per pair are from seven to twelve guineas, 


: according. to the frames, as may be been in W. and S. Jones's | 
* of Instruments annexed. 


The twelve - inch Globes are a copies of the 8 
 eightcen inch, and contain rather more than half the countries, - 
stars, Qc. that are upon the eighteen inches. The graduations 


of the great circles are to 30 minutes, or half a degree. 
- The price in plain frames, the pair, is three guineas and an 


half, and five shillings for the addition of a compass fitted to 
both horizons of the Globes. In mahogany claw-feet frames, 


E five guineas and an half; and, with the e 


the claw- feet, six guineas the pair. 


* The Globes may be packed securely i in packing cases, and Hoh 
„ antel zafe to all parts of the world. 
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ne: Uh in. all ages Jo n of © 
: forming rational conceptions of the nature and 
motion of those bodies that appear in the vast 
concavè above their heads, Amidst the infinite 
variety of objects which surround them on every | 
side, the heavenly bodies must have been amongst 
those which first attracted their attention. They 
| ano; _ objects the most conspicuous, the: most 


ant, and the most beautiful. 434 
+ A instructs us in the 5 or 3 


that goyern and direct the motions of the heavenly 
host. It weighs and considers the powers by. 
win they circulate in their orbs. It enables us 


their size, une their distance, 
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explain their wes ben ps, and correct the 
fallacies of the senses by the light of truth. 
Astronomy is not merely a speculative science; 
its use is as extensive as its researches are sublime. 
Navigation owns it for its guide: by it, commerce 
has been extended and geography improved. It 
is astronomical observations that form the basis of 
geography. Thus, it has co-operated with other 
causes in the greatest of all works, the diffusion of 
knowledge and the civilization of man. 
As, in. order to attain an accurate idea of any 
piece of mechanism, it is best to begin our inves- 
tigation.by an examination of those parts which 
give motion to the rest, the primary causes of 
those effects for which the machine was made; | 
' © the young pupil will more easily gain a just 
idea of the motion of the heavenly. bodies, by 
considering them as seen from the sun, the center 
ol our system, and the principal agent used by the 
Lon or Nature for eee e moons 2 
| ing the planetary systemm | 
It will not be difficult, aſter this, to inform kim 
| Tok those appearances ure to be accounted for, 5 
that arise from his particular situation; whence he 
views the heavens from a point which is not in 
the center of the system, and is consequently the 
source of many apparent irregularities. This 


knowledge attained, it will then be easy to prove 


to 8 that the real Wan a motions w the” : ; 


A VIEW OP THE SOLAR SYSTBU. * x M 


heavenly bodies are wesen the reverse af each 
other. For, being by this means put into posses- 
sion of the universals of this science, the know- 


ledge of ne will 'be Treudorod facile d 
clear. 


or Tuu 801 Kn SYSTEM, AS SEEN BY A STDRC TA. 
gags annon nn BE ; PLACED IN THE SUN. 


0 . center of "the. dyatend is 4 1 . 
from which the motion of the planets can be wg: 
Seen, let us' suppose an observer placed in the 
center of the sun. In this situation he will see at 
one view all the heavens, which will appear to 
him perfectly spherical, the stars being so many 
lucid points in the concave surface of the sphere, 
whose center is the sun, or, in the CE in- 
stance, the eye of the obserrerr. 

Our spectator will not, however, cd 
conclude from appearances, either that the hea- 
vens are really spherical, or that the sun is in the 


center of that sphere, or that the stars are all at 


an equal distance from him; having been previ- 
ously taught by experience and observation, that 
while he remains in the same place, he cannot 
judge properly of the distance of surrounding ob- 
jects; at least of those which are placed beyond 
the ordinary reach of view. When objects are 
removed beyond the distances we are accustomed 
to, the n by which we form our general 
3 


. 


* 
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judgment fail us; and we can deny tell Which is 
nearest, or which is furthest, ler er o 
motion, or that of the objects. * 2 . 


| To illustrate this, let us supppose a under of | 


lamps to be placed irregularly, at different dis- 


tances from the eye, in a dark night. Now, if in 
this case we suppose the darkness to be so com- 
plete, that no intermediate objects could be seen, 


no difference in colour discerned, nor any con- 


vergence towards the point of sight be perceived; 


our judgment could not assist us in distinguishing 


the distance of one from the other, and they would 
therefore all seem to be at an en distance from 
the speetator. F Hin YR36 SQ. „In 20 
For the same reason, ches sun and moon, hs 
stars and planets, appear to be all at an equal dis- 
tance from us; though it is highly probable; that 


some of the stars are many millions of times nearer 


to us than others. The sun is demonstrated to 


be-nearer than any of the stars. The moon and 
some of the planets. are known by ocular proof to 


be nearer to us than the sun; because they some- e- 
times come between it and our eye, and hide the 


whole, or a great part of his disc, from aur view. 


They all, bowerer, appear equally distant, and a8 
if placed in the surface of a sphere, whereof our 
cye is the center. In whatever place, ee 


the spectator resides, whether it be on this earth) I 
in the sun, or in the regions of Saturn, he will: 


e that place as the middle point of the 


— 


\ 


. 
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| universe, and the 0 of the world; - for it will 


be to him the center of a spherical W een in 


which all distant bodies appear to be placed. 


These things being rendered plain, 3 
may proceed to consider the observations of the . 


solar spectator; to whom, as we have already 


observed, the heavens will appear as the surface : 


of a concave sphere, doncentrical to his eye: in 


this surface he will. discover an innumerable host 
of fixed stars, which will for some time engage his 
attention, before he discovers that they may be 


| distinguished into two kinds; the one, dispersed 


through the whole heavens, differing) i in their der 
gree of brightness, but remaining always at the 


same relative distance from each other: these he 
will therefore call fixed: stars, or only stars. Be- 
sides these, he will find some others moving 
among the foregoing with different |, velocities, 


Win be will wal eee Mary or 0 Planers 


1 * 
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ien thus for,” our. 6. pectaton: will 
e to find out some method of distin- 
guishing the stars from each other; concluding, 
that as they do not change their relative positions 
one to the other, he may easily make an exact 
description of them, and by repeated observations 


" v : . 4 
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determine the boeition and order Ln zubsist 


among the. 

That he may avoid 1 in a ee 

and be able to point out any particular star, with- 
out being obliged to give a name to each, he will 


divide them into several parcels; to each of these 


parcels he will assign a figure at pleasure; these 


assemblages, or groupes of stars, he will call con- 


stellations. Thus, a number of stars near the 


north pole is called the Bear, because the stars 


which compose it are at such distances from each 
other, that they may fall within the figure of 3. 


bear. Another constellation is called the Ship, 


because that collection of stars which compose it 


zãs represented upon r W een 


om some part of the figure of a ship. 

As the fixed stars will appear to our aber er of 
different degrees of magnitude and splendor, he 
will divide them into different classes. Those 
which seem the largest and brightest, he will call 
stars of the first magnitude; the smallest that we 
can see with the naked eye are called stars of the 
sixth magnitude; and the intermediate ones, ac- 
cording to their different apparent sizes, he will 


| call of the second; third, fourth, or fiſth magni- 


tades. Those stars which cannot be seen without 
the assistance of a telescope, are not reckoned in 
any of these classes, and are called telescopic stars. 


sitions, our observer will obtain 00 Many fixed 


— 
o 


Ef By a knowledge of the fixed stars and their po- 


HD CONSTELLATIONS. . | 7 


points, by which, he may observe the motions of 
the planets, and the relation of these motions to 
each other; he will use them as so many land- 


marks, if the word may be allowed, by which the 


situations of other celestial bodies may be ascer- 
tained, and the varieties to which they are subject 
be observed. For, from the- same place, the mo- 


tions of the heavenly badies can only be estimated 


by the angle formed at the spectator's eye by: the 
space which the moving body passes over. 
Jo measure the spaces, the stars must be used, 


and considered as 80 many luminous points fixed 


in the concavity of a sphere, hose radius 4s inde, 


. Nax and of which the observer's eye is the cen- 


We may learn from hence the necessity of 


. g an exact catalogue of stars, and of deter- 


mining their positions with accuracy and care. 

With such a aeg the Wwiggce of e | 

begins. „ / 
Although, to chad 59 A are — with 


the nature of celestial observation, it might at first 


i 


sight appear almost impossible to number the 
stars; yet, their relative situations have been s 


carefully observed by astronomers, that they have 


not only been numbered, but even their places in 


the heavens; have been ascertained with greater 


| Scouracy thaw, the relative: gijuation of matt places | 


* the surface of the earth. Is to. aizi2g05 
' - The-greatest number of, — s that plan er to 


: the naked eye, are to he ten on a Winter's night, 


„ a SIGNS 
when the air is clear, and no moon appears. But 
even then a good eye can scaroe distinguish more 
than one thousand at à time in the visible hemis- c 
phere: for, though on such a night they appear to 
be almost innumerable, this appearance is a de- 
eeption, „that arises from our viewing them in a 
transient and confused manner; whereas, if we 
view them distinctly, and only consider a small 
portion of the heavens at a time, and, aſter some 
attention to the situation of the remarkable stars 
contained in that portion, begin to count, we shall 
be surprized at the smallness of their number me 
the ease with which they may be enumerated. - 
{Phew number of the ancient constellations was 
48; in these were included 1022 stars. Many 
constellations have been added by modern astro- 
nomers; so that the catalogue of Flamsteed and 
De Ia Caille, when added together, are found to 
contain near five thousand stars. The names of 
the constellations, their situation in the heavens, 
oy with other particulars, are best learned by study- 
ing the artificial i ah eee of TP e eee, a 
celestial globe. eee . 
The Galaxy my way must not be Wannen ; 
| ibis one of the most remarkable appearances in the 
avens; it is a broad circle of a Whitish hue, in 
Lomé places it is double; but for the most part 
consists of a single path surrounding the whole 
Eelestiat' concave! Phe great Galileo discovered 


6: n hat ine portion of the" heavens 
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- which this circle passes through 520 every where 


filled with an infinite multitude-of exceedin g nl 85 


stars, too small to be discovered by the naked eve 


but by the combination of their light, ef | 


shining whiteness through. the heavens, © Mr. Bry- 


done says, that when he was at the top of Mount 


Mina, - the milky way had the most beautiful 


effect, appearing like a LP. flame cht ot across 
"the daavens, 10 550-3 — 


The stars appear of a ved e niaghtituds to the 


| med. eye, because the retina is not only affected 


„ 


by the rays of light which are emitted directly N 


from tbem, but by many thousands more, which; 
falling upon our eye-lashes, and upon the visible 
aerial particles about us, are reflected into our 
eyes 80 strongly, as to excite vibrations, not only 
in those points of the retina where the real images 
of the stars are formed, but also in other parts 
round about it. This makes us imagine the stars 
to be much bigger, than they would be if we saw 


them only by the few rays which come directly 


from them to our eyes, without being intermixed 


with others. Any one may be made sensible of 


this, by looking at a star of the first magnitude | 
through a long narrow tube; which, though it 


takes in as much of the sky as would bold a thou- 


sand of such stars, scarce renders that one visible. 


The number of the stars almost infinitely ex- 


ceeds what we have yet been speaking of. An 
ordinary telescope will discover, in several parts of 
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the heavens, ten times as many stars as are visible 
to the naked eye. Hooke: in his Micrographia 
says, -that with a telescope of. twelve feet he dis- 
covered seventy-eight stars among the Pleiades, 
and with a more perfect telescope, many more. 
Galileo reckoned! eighty in the space between the 
belt and the sword of Orion, and above five hun- 
dred more in another part of the same constella- 
tion, within the compass of one or two degrees 
square. Antonia Maria de Rheita counted in the 
same constellation above two thousand stars. Fu- 
ture improvements in telescopes may enable us to 
discover numberless stars that are now invisible; 
and many more there may be which are too re- 
mote to be seen through telescopes, even when 
they have received their ultimate improvement. 
Dr. Herschel, to whose ingenuity and assiduity the 
astronomical world is 80, much indebted, and 
whose enthusjastic ardor has revived the spirit of 
discoveries, of which we shall speak more largely 
in another part of this Essay, has eyinced what 
may be effected by improvements in the instru- 
ments of observation. In speaking here of bis 
diseoveries, I shall use the words of M. De 1 
Lande. x In passing rapidly over the beavens 
with his new telescope, the universe increased 
under his eye; 44000 stars, seen in the space of a 


85 oy e gg to en, oy there Ns 


: # 
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2 millions in the heavens.” He has 
also shewn that many stars, which to the eye or 
through ordinary glasses appear single, do in fact 
consist of two or more stars. The Galaxy or 
milky way owes its light entirely to the multitude 
of small stars, placed so close as not to be disco- 
verable even by an ordinary telescope. The ne- 
bulz, or small whitish specks, discerned by means 
of une, owe theiy origin 2 the same cause; 
Herschel | has Sine e af | 1250 of than 
clusters, besides a species which he calls planetary 
nebulæ. But what are all these, when compared 
to those that fill the whole expanse, the boundless 
fields of ether! Indeed, the immensity of the 
universe must contain such numbers, as would 
exceed the utmost stretch of the human imagina- 
tion: for who can say, how far the universe ex- 
tends, or where are the limits of it? where the 
Creator stayed “ his rapid wheels; or where he 
„ fixed the was ee | 
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or THE PLANETS, AS SEEN PROM THE SUN. 


Our ack observer way ad a 1 8 


eee of the fixed stars, will now apply him- 
self to consider the planets: these, as we have 
already observed, he will soon distinguish, by their 
motion, from the fixed stars; the stars always re- 


maining in their places, but the planets will be 


/ 


1 or THe PLANETS.” 


seen passing by them with unequal velocities. 
Thus, on observing the earth, for instance, he 
will find it moving among the fixed stars, and 
approaching g nearer and nearer to the more eastern 
ones; in a year's time it will complete its revolu- 
oy: and return to the same place again. 

He will find seven of these bodies deen 
round the sun, to each of which he will assign a 
name, calling the swiſtest Mercury, denominating 
the others in order, according to their velocities, 
as Ve enus,” then the Earth, and afterwards Mars, 
eee Saturn, and the Georgium rr 

Proceeding with attention in thus exploring and 
examining the heavens, he will perceive that the 
Earth is always accompanied by a small star, 
Jupiter by four, Saturn by seven, and the Geor- 
gium Sidus by two: * these sometimes precede, at 
others follow; now pass before, and then behind 
- the planets they respectively attend. These small 
bodies he will call” Secondaty ee, mn, or 
Moons. ; E230 84 11 IS Codd bf 

The observer, by this the tract: time 
Tabs each planet passes over some fixed star, and 
the time they employ from their setting out to 
their return to the same star again, will find the 
times elapsing between each successive return of 
the same planet to the same star, to be equal; 
and he would . that the. several mes? de- 
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Scribe circles in different periods; but that each 
of them always cer its own circle in the 
same space of time. | | | : 
He will further observe, that ta are certain 
boiling which at their first appearance are small, 
obscure, ill- defined, and that move very slow, but 
which aſterwards increase in magnitude, light, 
and velocity, until they arrive at a certain size, 
when they lose these properties, and diminish in 
the same manner as they before augmented, and 
at last disappear. To these bodies, which he will 
find in all the regions of the heavens, .moving in 
different directions, be will ou the name of 
Comets. rj | | 


— * 


„ O THE AS ON men 
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run successively through those constellations 
which be has denominated Aries, Taurus, Gemini, 
Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius, 
Capricornus, Aquarius, Pisces; and that they never 
moye out of a certain space or zone of the ee 
which we will call the ædj,ẽůä 

| He will find, by proceeding in his « obezivation; 
that the orbits of the planets are not all in the 
same plane, but that they eross each other in dif- 
ferent parts of the heavens; so that, if he makes 
the orbit of any one planet a standard, and consi- 
ders it as having no obliquity, he would judge the 


— 
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paths of all the rest to be Wa to it; each 
planet having one half of its path on one side, and 
the other half on the opposite side of the standard 


path or orbit. Astronomers generally assume the 
earth's orbit as a standard from which to compute 


: que of the others, and call it the eclip- 


The points where the orbits intersect ot each 


0 are called the nodes. 


This inclination of the orbits to each other may 


be rendered more familiar to the imagination, “ by 


taking as many hoops as there are planets, with a 


wire thrust through each, and thereby joined to 
that hoop which represents the ep the other 


hoops may be then set more or less obliquely to the 
representative of the ecliptic. 


The several orbits do not erbss or intersect the 


ecliptic in the same point, or at the same angles; 


but their nodes, or intersections, are at different 
5 parts of the ecliptic. | SEAL, oF 


It should, however, be ee WI here, that in 


* 


raking of the orbits of the planets, nothing more 


is meant by this term, than the paths they pass 


through in the open space in which they move, 


and in which they are Wee 4 by a celestlal but 
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OF THE MOTION OF THE PLANETS ROUND 
eee AXES. FED 


By attentively e n telescope, the 
surface of the primary planets, our solar observer 
will find, that some parts or spots are more ob- 

scure than others. By continued observation he 
will find, that these spots change their places, and 
move from one side of the planet to the other; 
then disappear for a certain space of time; after 
which they again, for a while, become visible on 
the side where they were first seen, always conti- 
nuing the same motion nearly in an uniform 
manner. The distange | between the spots grows 
wider as they advanq m the edge towards the 
middle of the plane . 'F Wd then grows narrow 
again as they pass fra middle to the other 
edge. The time cheß ate seen on the planet's 
disc is somewhat less chan the” time of their” _ | 
pearance. - 15 | Ae! 
From these circumstances os will PT EY 5 
first, that these spots 'adhere to the body of the 
planet; and secondly, that each planet is a globe 
turning on its axis, and has consequently two 
| motions; one, whereby it is moved round its axis 
in a short time, the other by which it revolves 
round the sun. These motions may be easily 
_ conceived,” by only imagining a small ball to roll _ 

round a large sphere. The first of these motions, 


f 
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or that of a planet round its axis, is called the - 


diurnal motion; and the second, or its revolution 


round the sun, is called tbe annual motion. 

The tutor may in some measure realize to his 
pupil the foregoing; heliocentric, phenomena, by 
plate 1, fig. 1, of the solar system; or still much 


better by means of a planetarium: for, by suppos- 
ing himself on the brass ball which represents the a 
sun, he will sce that all the planets move round 


him in beautiful and harmonious order. If on 


- account of their distance, he refers their motions 


to the fixed stars, he will see how readily the pe- 
riods of their revolutions: may be obtained, by 


observing the time that elapscs between their 


setting out from any fixed point, or star, and their 
returning to the same again. He will also see, 
chat if the paths of the planiets were in one plane, 


as in the instrument, they would all be Wee 
auen cirgle in the heabenss 2 ” 


When he understands these 1 abe 


tutor may proceed to shew him that the motions, 
wbich are so regular when viewed from the sun, 


become intricate and perplexed when viewed from 


| id earth; and. infer from: hence, that. whenever 


| e examine the works of the DRI Tx at a pro- 
per point of distance, S0 as to take in the whole 


of bis design, we see nothing but uniformity, 


beauty, and precision. Thus the heavens! pre- 


gent us with a plan, which, though inexpressibly 


magnificent, is yet regular beyond the power of 
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invention; and the volume of t the universe will be 
found to be as perfect as its AUTHOR, containing 
mines of truth fot ever opening, fountains of good 
for ever flowing, an endless succession of bright 
and still brighter exhibitions of the glorious God- 
head, answering to the nature and idea of infinite 
| fulness and perfection. | 
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OF THE PHENOMENA. OF THE HEAVENS, AS 
DE. SEEN PROM THE BARTH. | 


\ 


Tas various appearances of the . VIEW | 
as seen from the earth, are the facts which lay the 
foundation of all astronomical knowledge. To ac- 
count for, and explain them, is its principal busi- 
ness: a true idea of these phenomena is therefore 
a necessary step to a knowledge of astronomy. 
Let us therefore suppose ourselves in the open air, 


_ contemplating the appearances that © occur in the 
heavens. - | * 


or THE ee OF THE SUN. 


3 * 


The first and most obvious phenomenon is tho | 
ail rising of the sun in the east, and his setting 
in the west; after which the moon and stars ap- 
pear, still keeping the same westerly course, till we 
lose sight of them altogether. These appearances 
give rise to what is called the _— nn mo- 
tion of the heavens. 


— 


APPARENT MOTION OF THE SUN. 19 


This cannot be long observed, before we must 
also perceive, that the sun does not always rise 
exactly at the same point of the heavens, his 
motions deviating: considerably at particular sea- 
sons from those they perform at other times; 


Sometimes we perceive him very high in the hea- 
vens, as if he would come directly over our heads; 
at other times he is almost sunk in the southern 

part of the heavens. If we commence our ob- 


servations of the sun, for instance, in the beginning 
of March, we stall find him appear to rise more 
to the northward every day, to continue longer 
above the horizon, to be more vertical, or higher, 
at mid-day; this continues till towards the end of 
June, when he moves backward in the same man- 


ner, and continues this retrograde motion till near 


the end of December, hen be —_—_— to move 


forwards; and 80 on. 


It as this change i in the sun T5 thn neee 
him to rise and set in different parts of the hori- 


zon, at different times of the year. It is from 


. — a 


hence that his height is so much greater in sum- 
mer, than in winter! In a word; the change of 


the sun's place in the heavens is the cause of the 
different length in the days and en n the 


vicissitudes of the seasonsw 1 
As the knowledge of the 5im's apporent 00 


is of | great importance, and a proper conception 
of it absolutely neoessary, in order to form a true 
i Idea of the phenomena of the heavens; the _ 
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20 APPARENT MOTION or THE SUN. 


will excuse my dwelling something longer upon it. 
If on an evening we take notice of some fixed 
star near the place where the sun sets, and observe 
it for several successive evenings, we sball find 
that it approaches the sun from day to day, till at 
last it will disappear, being effaced by his light, 
though but a few days before it was at a sufficient 
distance from him. That it is the sun which ap- 
proaches the stars, and not the stars the sun, is 
plain, for this reason: the stars, always rise and set 
every day at the same points of the horizon, op- 
posite to the same terrestrial objeots, and are al- 
ways at the game distance from each other; whereas 
the sun is continually changing both the place "2 
its rising owe ne 11 its nen from the : 
stars. | : 

The sun is ang one dank wake 25 


moving from west to east; so that in 365 days we . 


see the same star near the settingsun, as was ob- 
served to be near him on the same day in the pre- 
ceding year. In other words, the sun has returned 
to the place from whence he: set N or wade 
b — call his annual revolutionnn?s:nn 
Me cannot indeed observe the sun's motion | 
among: the fixed stars, because he darkens the 
heavens by his splendor, and effaces the feeble 
light of those stars: that are in his neighbourhood; 
but we can observe the instant of his coming to the 
meridian, and his meridian altitude; we can also 
compute what point of the starry heaven comes to 


— 
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APPARENT PHENOMENA OP THE MOON. 21 


the same meridian, at the same time, and with the 
same altitude. The sun must be at that point of the 
starry heavens thus discovered. Or we can observe 
that point in the heavens, which comes to the me- 
ridian at midnight, with a declination as far from 
the equator on one side, as the sun's is on the 
other side; and it is evident, the sun must be in 
that part of the heavens, which is diametrically 
opposite to this point. By either of these methods 
we can ascertain a series of points in the heavens, 
through which the sun passes, in a - canal 

ales the e | y | 
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Ther motion of the Moon inch the hacia 
and her appearance therein, are still more remark- 
able than thosgę of the gun; she engages the at- 
mne «by the nightly changes i in her circling! 
orb.“ At the new moon, or when she first be- 
comes visible, she is seen in the western part of the 
heavens, at no great distance from the sun. She 
increases every night in size, and removes to a 
greater distance from the sun, till at last she ap- 
pears in the eastern part of the horizon, when the 
sun is disappearing in the western; she then ap- 
pears with a full round on 15 we 8 it is wet > 


. 


= The conforinity of this definition of the epic, wit that 
Siren in Page 14, eee, eee GJ 
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moon. After this, she gradually remoyes further 
and further eastward, till at last sie seems to ap- 
Proach the sun as nearly in the east as she did be- 
fore in the west, and rises 4 little before him in 
the morning: whereas in the first part of her 
course she set in the west, long after him. All 
these different appearances happen in the space of 
a month, after which they re-commente” iti the 


same manner; © 50metimes half-restoring day with 
; her waxing brightness; sometimes waning into 


ess, and 'scarcely scattering the nocturnal 
gloom.” * Nene Wi od bill 

There is sometimes an irregularity f in these ap- 
pearances, particularly in harvest time, when the 
Moon appears for several days to be stationary in 
the heavens, and to preserve nearly the same dis- 
tance from the sun in consequence of which, she 
rides at. t that cason of the ere e es at che yon + 


or THE. APPARENT orie or Hp STARS. 
7 & 3 8 1 e 

In ans che Stars, it is + Shri; that | 
some among them have the singular property of ö 
neither rising in the east, nor setting in the west; 
but seem to turn round one immoveable point, 
near which is placed a 5 star, called 27 238 5 
or pole star. 8 | | 
This poigt is more or less 2 8 ä 
oo the oak of ihe earth from which it * viewed. 
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Thus to the inhabitants: of Lapland it is much 
more vertical, or elevated above the horizon, than 
with us: we see it more elevated than the inha- 

bitants of. Spain : and these again see it more 

elevated than those of Barbary. By continually 
travelling southward, we should at last see the 
pole star depressed to the horizon, and the other 
pole would appear in the south part of the bo- 
rizon, round which the stars in that part would re- 
volve. There is, however, no star in the southern 
hemisphere so near the pole as that in the northern 
hemisphere. Supposing us still to travel south- 
ward, the north pole would entirely disappear, and 
the whole hemisphere would seem to turn round a 
single point in the south, as the northern dennis 
ee appears to turn round the pole star. FM 
The general appearance, therefore, of the \thrry 
heavens is that of a vast concave sphere turning 
round two fixed points {diametrically opposite to 
| each other, the one in the north, the other in the 
| south) once in twenty-four . 
Hence it is that the stars, though they keep the 
same relative places with respect to each other, 
yet chan ge their situation very sensibl ly with re- 

spect to the horizon; some rising above, others 8 

descending below it; some that were tied | 

now becoming visible; while, on the other hand; 
many are disappearing. Some never descend be⸗ 

lo the horizon; although, as they turn round] 
| they are sometimes nearer to, at others, kürte : 
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from it, describing whole circles about a point 
above it. If the observer turns himself round, 
he will find some stars rise only as it were to set 


ay $i Ly nn, — N 8 ee 
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3 the fixed stars, cham are other bodies in 
the heavens, which are continually changing their 
places, both with respect to the stars, and one 
another; these are called planets. They moves 
among the signs of che zodiac, nęver departing 
far from the ecliptic. Their apparent motion is 


very irregular, confused, and perplexed; some- 


times they appear as going forwards, este 
backwards, and at others are statignary. 


Mercury emits a bright white light, but kepps 5c 50 


ance, his motion towards the sun is so swift, that. 


be can only be discerned for a short time. He 
appears a little after d la Again a little be- 


fore sun-rise. i 5 res 8 

V. enus is the me « beautifal, star i in 3 heaxens, 
known by the names of the morning and evening 
_ Star... She alsa, like Mercury, keeps, near the sun, 
though. e sbe recedes from him much, furtt her, 
like 


: che heavens when. the su sun is s in the western; but 


always either attends him in the evening, or gives 
notice of his approach i in the morning. 


* 


near the sun, and is so small, that he ig very sel- 
dom visible; and when he does make his appear- 


* 
* 
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Mars is of a red fiery colour, givin 8 a much 
Aller light than Venus, though he sometimes ap- 
pears almost equal to her in size. He is not sub- 
Ject to the same limitations in his motions as Venus 
and Mereury, but appears sometimes very near tbe 

sun, at others at a greater distance from him, rising 
when the sun sets, or setting when he rises. | 

Jupiter and Saturn likewise often appear at great 
distances from the sun. The former shines with 
a bright light, the latter with a pale faint one. 
The motion of Saturn among the fixed stars is 80 
slow, that unless carefully observed, and that for 
some time, he will not be thought to moye at all. 

The Georgium Sidus is the planet discovered by 
Dr. Herschel. It is reckoned to be twice the 
distance of Saturn from the sun, but cannot be rea- 
dily perceived without the assistance of a telescope. 
From the preceding observations, any persan 
may easily learn to distinguish all the planets. For 
if after sun-set he sees a planet nearer the east 
than the west, he may conclude that it is neither 


Mercury nor Venus; and may determine whether 


it be Saturn, Jupiter, or Mars, by the colour and 
light ; by which, also, he " eee be- 
tween Venus and Mercury. 

That the light of each plant bas its capa 
| ny ; and that there are certain fixed stars that 
- have the same teints, was known to the Chaldæans. 
It is an observation best verified in those countries, 2 

where the air is the clearest. | 


* * 
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Besides the motions which we observe in all the 


Planets, their apparent magnitudes are very dif- 


ferent at different times. Every one must have 
observed that Venus, though she constantly ap- 


pears with great splendor, is not always of the 


same size: but this difference of magnitude is 


most conspicuous in Mars, it is remarkable in Ju- 
piter, but less so in Saturn and Mercury. 
The only phenomena visible to the unassisted 
sight, besides those already described, are those 
unexpected obscurations of the sun and moon, 


"4 called echpses, of ae we ball ge gra * 5 


more particularly. OST e e en ud 
I have now Ae best appearances, wich 
are the most striking to every person who has paid 


the least attention to what is passing over his head. 


e tutor would do well in his place, first, to 


bring his pupil acquainted with the appearances 


themselves, and then explain them to him by the 
globe, or some other instrument. It would not 


de amiss, if he were now to instruct him by prac- 
tical observations; and shew him, by a small 
quadrant, - how to measu 
stars, &c. always remembering that young minds 


re the elevation of the 


are ever active in seareh of impressions from exter- 
nal objects; and that these are more permanent 


than those made by words; in the former the mind 
| energizes, and is brought into action z in the lat- : 
der it is in a 885 . e 3 M - 
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An waving stated what would 4 be the jen? 
ances of the heavenly bodies, if we were placed at 
the center of the system, and then given a general 
view of their phenomena as seen from the earth; 
it will now be proper to shew how the irregula- | 
rities that are discovered in one situation are to 
be reconciled with the harmony and order that 
would be visible if they were to be seen from the 
other; or, in other words, to shew why the mo- 


tions of the planets appear to us 50 different f from | 


what they really are. 1755 2,9 
One of the ends for which man was Wiel * 
to correct appearances and errors, by the investi- 
gation of truth: whoever considers him atten- 
\ tively, from infancy to manhood, and from man- 
| hood to old age, will find him ever busy in en- 
deavouring to find some reality, to supply the 
place of the false pesrnces, ond RH be has 
hitherto been deceived. 1 


* 
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Tt is the Wa of the present part of this 
Essay to correct the errors arising from. appear- 


ances, and to point qut truth by a brief detail of 


the prineipal parts of the Copernican system, 
which is now universally received, because it 
rationally accounts for and accords. with the Phe 
nomena of the heavens. . 
At the appointed time, "when it 8 che ; 
Supreme Dispenser of every good gift to restore 
light to a bewildered world, and more particularly 


to manifest his wisdom in the simplicity, as well 
as in the grandeur of his works, he open 
1 e scene with a revival of sound astrono- 


ned the 


my;”* and raised up Copernicus to Tue: the 


+ | darkness i in which it was then involved. 


be Copernican System consists of the sun, 
seven primary, fourteen nee planets, aud ; 


=» the comets.. . 


The seven . Mereury, Yeous, the Earth 5 


| Mars, Jupiter, Saturn, and the Georgium Sidus, 


move round the sun, & in orbits included one 
within the other, and in the order here used in 


mentioning their. names, Firemen, boos: od, 
5 which | is nearest the sun. 


The. Seven which. revolve wed, thes sun as. 


their © center, are called primary Planets. 


* 


* Pringle Six OY Ta to the Royal Society. | 
T The sun is not absolutely at rest, being subject ton Small 


degree of motion, which is considered in larger works on Atro- 
nomy. - | 


- 
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The fourteen planets, which revolve round the 
primary ones as a center, and are at the same time 
carried round the sun with them, are called secon- 
dary planets, moons, or satellites. $i 
The Georgium Sidus is attended by two moons, 
Saturn by seven, Jupiter by four, and the Earth 
by one; all of these, excepting the last, are invisi- 
ble to the naked eye, on account of the smallness 
of their size, and the ane, of theis distance 
from us. 

Mercury and W being wihin ah Earth's 
orbit, are called inferior planets; but Mars, Ju- 
piter, Saturn, and the Georgium Sidus, n 
without it, are called auperior planets, 

The orbits of all the planets are elliptical; but 
as the principal phenomena of the Copernican 
system may be satisfactorily illustrated, by consi- 
dering them as circular, the latter supposition is 
usually adopted in giving à general idea of mn 

eee motion of the heavenly bodies. 
Before we enter into a description of the 2 
system, it may be necessary to define what is 
meant by the axis of a planet; lest the pupil should 
conceive them to turn on such material axes, as 
are used in the machines which are en to 

represent the planetary system. 
T be axis of à planet is a line se 
drawn through its center, and about which it is 
conceived to turn in the course of its revolution 
round the sun; the extremities of this line ter- 


A or nn sun. 


| minate in opposite points of the uber of the 
planet, and are called its poles; that which points 
towards the northern part of the heavens, is called 
the north pole; that which points towards the 
southern, the south pole. A ball whirled from the 
hand into the open air, turns round upon a line 
within itself, while it is moving forward; such a 
line as this is meant, when we ny: 40 the axis 
of a planet. „ 
Ng. 1, plate 1, CSR wed the _ 4 
| wherein © denotes the sun; AB, the circle which 
the nearest planet, Mercury, describes in moving 
round it; CD, that in which Venus moves; FG, 
the orbit of the Earth; H K, that of Mars; I N, 
that of Jupiter; O P, that of Saturn; and QR, 
hat of the Seren ie, ene 5h 
| starry heavens. | 56 | 
The sun and 45 W — . 
pressed by marks or characters; instead of writing 
their names at length, The characters are as 
ſollow: O the Sun, y Mercury, 2 Venus, the 
Earth, & el * ene bl n Ht: ne 
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»f the.San-ie- the center nf the pt, wund 
hich the rest of the planets revolve. It is the 
nrst and greatest object of astronomical know- 
euilge, and is alone enough to stamp a value on 
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the science to which the study of it belongs. 
The Sun is the parent of the seasons; day and 
| night, summer and winter, are among its surpria- 
ing effects. All the vegetable creation are the 
offspring of its beams; our own lives are supported 
by its influence. Nature revives, and puts on a 
new face, when it approaches nearer to us in 
spring; and sinks into a temporary death at bis | 
departure from us in winte. | 
Hence the Sun was with propriety alias by 
the ancients cor cœli, the heart of heaven; for; as 
the heart is the center of the animal system, so is 
the Sun the center of our universe. As the heart 
is the fountain of the blood, and the center of heat 
and motion; so is the Sun the life and heat of the 
world, and the first mover of the mundane system. 
When the heart ceases to beat, the circuit of life: 
is at an end; and if the Sun should cease to net, 
a total stagnation would take _ MPs ben 
the whole frame of nature. | 
The Sun is placed near the center of the ordiis 
of all the planets, and turns round his axis in 254 
days. His apparent diameter, at a mean pe 
from the earth, is about 32 minutes 12 seconds. 
Those who are not aceustomed to eee 
calculation, will be surprized at the real magni- , 
tude of this luminary; which: an acconmt of its 
distance from us, appears to the eye not much : 
larger than the moon, which: is only an attendant 


3 by 
L 5 3 


wer runs 


are viewing a globe, whose diameter is 890,000 
English miles; whereas the earth is not more in 
diameter than 7970 miles: so that the Sun is 
about 1,392,500 times bigger than the earth. 

Thus, as it is the fountain of light and heat to all 
the ee BO it ew far N them in its 
I the Sun were every W Sey 5 Ag his 


rotation on his axis would not be perceptible; but 


. by means of the spots which are visible on his pure 
and lucid _—_— we are abe to discover _ 
motion. e 2649 

„When a bee 8 is near See to oh 8 
pear of its true figure, this: appearance is wing to 
the shading upon the different parts of its surface: 
for as a flat circular piece of board, when it is 


properly shaded by painting, will look like a sphe- 
rical body; so a spherical body appears of its true 
shape, for the same reason that the plane board, 


in the present instance, appears spherical. But 
if the sphere be at a great distance, this difference 
ol sbading cannot be discerned by the eye, and 
consequently the sphere will no longer appear of 
its true shape; the es 18 8 Ll _ is. 
Seems like à flat cirele. 

It is thus with the PORES it nn to us . e 
bright flat circle, which flat circle is termed the 
_ wes disc. By the assistance of telescopes, dark 


pots bare been obgerred on. this disc, and found | 


| 1 from east * . 
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16 greater when 655 are at the center; than wen 
they are near the limb. They are seen first on the 


vastern extremity; by degrees they come forwards | 
towards the middle; and so pass on till they reach 


the western edge; they then disappeur; and aſter 


they bave lain hid about the same time that they 


continued visible, they appear again as at first. By 


this motion we discover not only the time the sun 


employs in f turning round his axis; but also the 8 


inclination of his axis to the plane of che ecliptie :* 
The page of history informs us, ' that there have 
bel periods, when the sun has wanted'of Its ac- 


cCustomed brightness, shone with a dim and ob- 


scure light for the. space of a whole year. This ob- 
scürity has been supposed to arise from his surface 


being at those times covered with spots. Spots 
have been seen that were much ben than the | 


5 1 eo A 4 I N { * 
earth! 1 * * 1 1 11 a 1 ; 8 


The sun is Adee to hace an atitioiphiers, 50 


which occasions that appearance which is termed 
the 20diacal Tipht./ This light is seen at some sea! 
sons of the year; either a little after sun- bet, of a 
little before sunrise. It is faintly bright, and of 
a whitish colour, resembling the milky way. In 


 '* The young obsether inay view the spots of the zun with a 
el telescope of two or three feet, or a reflecting one of 12 
 iriches, 18 inches, or two feet, taking care to guard the eye with - 
a dark glass, to take off the glaring light: or the image or 
Kg picture of the gun, with his spots, may be thrown | into a dark 

room, through a telescope, and received üpon a piece c of of paper 
e e Gr Farther Goin the QA AF pedo f 
= | — +: 1 
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che 3 it becomes. bücher and lr as 


it rises above the horizon; till the approach of day, 


which diminishes its splendor, and renders it at 


last invisible. Its figure is that of a flat or lenti- 
_ eular spheroid, seen in profile. The direction of 
its longer axis coincides with the plane of the sun's 
| equator. But its length is subject to great varia- 
tion, so that the distance of its summit from the 
sun, varies from 45 to 420 degrees. It is seen to 


the bet advantage about the solstices. It was first 


and named by Cassini, in 1683; it was 


5 : dada Mr, Sac 5 88 the e e 9. 
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K ee a0 "ry 399 HF 8 | 
or MERCURY. „„ 
Fs 11 NH 2. us ö. 50 Ds: 


Of all the eg JD is the least; at the 


7 ee time, it is that which is nearest the sun. It 


is from his proximity to this globe of ligbtß that he 


b 18 80 seldom within the sphere of ohr observation, 
being lost in the splendor of the golar brightness; 
Vet it omits; a very bright white light. It is oſtner 


seen in hose parts of ther word, which are more 


2 we anhepit 000 ner 
do those who live nearer the north pole; | 


: : for the more oblique the spherẽ is, the ess ns 
35 bers above the horizon: a w_ 


1 0 never remöbes but a few de 


— > * - 3 — 
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Si ** the sum, is called its elongation. His 
greatest elongation; is little more than 28 degrees, 
or about as far as the moon appears to be from the 
sun, the second day after new moon. In some of 
its revolutions, tbe. ee is not more than 18 
anner Sbisa 1331197 | 
Mercury is eee vs eg 37 Wa of W Ra 
from the f sun, .and to revolye round him in 87 days, 
2a hours; and nearly 16 minutes, which nahe mea- 
sure of its year, ahaut one- fourth of, ouỹrs. As 
from the nearness of this planet to the sun, we nei- 
ther know the time it revolyes round its axis, nor 


the inclination of that axis to the plane of its orbit. E = 


we are necessarily ignorant of the length of its day 
and night, or the variety of seasons it may be li- 
able to. Mercury i is 3000 miles in diameter. 
Large as Mercury, when thus considered, appears 
to be; it is but an atom, whey. compared with Ju- 
: piter, whose diameter is 90, 000 miles. Its appa- 
rent diameter, at a mean ne ee the _— 5 
is, 20 Seconds. e 140 SHE en T 5 
Miereury is awake. Ms Acre Bay fa 1 : 
| of 110,680 miles per hour. The sun is above 
26,000, 000 times as big as Mercury] 480 that it 
would appear to the inhabitants of Mercury nearly 
5 thres times larger than it does to us i and its dige; 


or face, about seven times the size we see it. 5. Woo 


the other five planets are above Mercury; their 
phenomena will be nearly the same to it as to us. 
7 Venus and the earth, when in opposition to the 


2 2 


4 4 


* 


ward, above the 


. or MERCURY: . 


* 
— 


sun, wil shine wk full orbs, and afford de. 5 


renne to the Mercurian spectator. 


Mercury, like the moon, changes its be | 


ating to its several positions with respect to 
the sun and earth. He never appears quite in 


or full to us, because his enlightened side is never 
turned directly towards us, except when he is ss 
- -, near the sun as to beco de ane ee tee ies 


for making the most favburable observations on 


this planet are, when it passes before the sun, —_: | 
is ene his disc in the form of a black 


assage of a planet oyer the face af the 
is called A trunsit. It happens in its lower 
0 at a particular situation of the nodes; 


which ee to mention their 5 the 
ecliptic. Em OGOR i made con aids 
+a range Wund TIRES" the orbit 
of Mercury with the plane of the ecliptic, is 16? 
59.3 the node from N Mercury ascends north- 
ane of the ecliptic, is 165 307 
in Taurus, the ae one, 14 1' 24% in Sagit- he 
ning, nodes move forward about. 50% per year. Jy 


PT if Mercury,” at his inferior conjunction, comes 
to either of his nodes about these times, he will 
appear to transit over the diso of the sun. But in 
2 other parts of his orbit his conjunctions/ are 

| "ies On: 50 eiter e | 
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5 Venus is the brightest and largest, to appear- 8 


ance, of all the planets, distinguished from them 


all by a superiority of lustre; ber ligbt is of a 


white colour, and so considerable, that in a dusky 
place she projects a sensible shade. 
The diameter of Venus is 7,699 miles; her 8 


tance from the sun is 69,500,000 miles; she goes 


round the sun in 224 days, 16 hours, 49 minutes, 


moving at the rate of 80,995 miles per hour. Her 


motion round her axis has been fixed by some at 


23 hours, 22 minutes; by others; at above 24 days. 
She, like Mercury, constantly attends the sun, 


never departing from him above 47 or a8 degrees. 


Like Mercury, she is never seen at midnight, or 
in opposition to the sun, being visible only for 
three or four hours in the morning or evening, | 


according as she is before or aſter the gun. 
One would not imagine that this planet, e 


appears 80. much superibr to Saturn i in the heavens, 
is 80 ineonsiderable when compared to it; for the 


diameter of Saturn is nearly 78, 000 miles; while, 
on the other hand one would scarce imagine that 
Venus; which appears but as a lucid spangle in 


the heavens, was 80 large a globe as she truly is, 
ber diameter being 7,699 miles. It is the dis- 
uces thebe effects; which gives 


: tance which p 
and takes away the W of e Her 


U 
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ſupparent « size varies with her distance ; at some 
seasons she r be 5 32 tires larger than at 
. others. 
When this planet is in that part of its orbit 
which is west of the sun, that is, from her inferior 
o her superior conjunction, she rises before him 
in the morning, and is called phosphorus or lucifer, 
or the morning star. When she appears east of 


the sun, that is, from her superior to her inferior 


conjunction, she sbts in the evening after him; 
{ or; in other words, shines in the evening after 
be ee e ene or by; an; or the 
evening Stat: i of 37 
Tho eee of ae cans; ik Mer- 
cory 8h accompanying the sun; and he is to 
them, by turns, an evening or a morning star, as 
Venus j is to us. To the same inhabitants, the eun 
will appear almost twice as large as he does to us. 
Venus, when viewed through a telescope, is 
EPA Seen to shine with a full face; but has 
| phases, just like the moon, from the fine thin 
| _ erescent to the enlightened. hemisphere. Her il- 
luminated part is constantly turned towards the 
sun; hence its horns are turned towards the east 
when it is a morning star, and towards the west 
When it is an evening star. Some astronomers 
have thought they ee a satellite moving 
' round Venus; but, as observers have 


not been able eee eee 


supposed to have originated in error. In, observ- 0 
K+, > No EL ny EO ; 8 We CCC B : 1 
; y 5 5 2 4 5 
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ing the transit of Venus, Mr. Dumm, 105 other 


genilemen, saw a penumbta which took place 


about ſive seconds before the contact, preceding 


the egress of the planet; and from thence they 


concluded that it had an Rs of about | 


50 geographical miles in height. 


We are told, that when e ant pub- \, | 


lished his account. of the solar system, it was 
objected to bim that it could not be true, because, 
if it was, the inferior planets must have different 
phases, according to their different situation with 
respect to the sun and earth; whereas they always 
appear round to us. The answer said to be made 


by him is, that they appear round to the eye by 


reason of their distance; but, if we could haye a 


nearer, or more distinet view of them, we should 
see in them the same phases as we do in the moon. 
The inyention of telescopes is said to have verified 


this prediction of Copernicus. But it is neither . 


: probable, chat a defender of the Piolemaic system 
should make such an objection, or Copernicus such 


an answer; since, in the Ptolemaic, as well as in 


the Coperniean system, the sbape of these planets 
gught to change just as the moon does; conse- 
quenilys the mere change of sbape in the inſerior 
planets is am argument which; in the common way 
of urging it, proves nothing at all as to the truth 


or fals hood of the Copernican system. If, besides 


dhe Er of | haps made i in the RS Hays 
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we consider the situation of the planets with re- 


spect to the sun, when these changes happen; 


this, indeed, will shew us that the Ptolemaic sys- 


tem is false,“ as will be seen in a Ow par > 


of these Essays. ea 


Venus is sometimes seen passing « over "the disc 


of the sun, as a round dark spot. These appear- 
ances, which are called #ransits, happen very sel- 
dom; though there have been two within these 
few years, the one in June 1761, the other in 
June 1769; the next will be 1 in the year 1874, 
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The next planet that comes beste u is rea. 5 
et that we inhabit: small as it really is, When 
Fr to some of the other planets, it is to us DE 
5 of the highest importance; we wish only to attain ; 5 


ee of others, that we may find out their 


relation to this, and from thence learn our con- 
: nexion with the universe at large. But, when 

viewed with an eye to eternity, its value to us is 
heightened in a manner that exceeds expression, 4 


and surpasses all the powers of the human mind. 
He alone can form some idea of it, who in the 


regions of celestial bliss is become a a partaker o ß 
the length and U 0 8 180 desen . 


Wee lote. 4 eSIATIQO 0 dd 0 
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be orbit of the Barth is placed between those 


of Venus and Mars. The diameter of the Earth 
is 7970 miles; its distance from the sun is 96 mil- 


lions of miles, and goes round him in a year, or | 


365 days, 6 hours, 9 minutes, moving at the rate 
of 68,850 miles per hour. Its apparent diameter, 
as seen from the sun, is about 21 seconds. 

It turns round its axis from west to east in 24 


hours, which occasions the apparent diurnal mo- 


tion of the sun, and all the heavenly bodies round 
it, from east to west in the same time; it is of 
course the cause of their "yy and —_— of _ 
aan night. | 


The axis of the carb 1s indlited wk Aides 10 


the plane of its orbit, and keeps in a direction 
parallel to itself throughout its annual course, 
which causes the returns of spring and summer, 


autumn and winter. Thus his diurnal motion 
gives us the grateful vicissitude of night and day, = 


and W motion "the © wage 3 suecession of 


— 
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| Nes dee sun, ade ae is _ 3 
and shining globe in the heavens, the satellite, or 
inseparable companion of the earth. By dissipat- 


ing, in some measure, the darkness and horrors of 
the night, subdividing the year into months, and 
regulating the flux and reflux of the sea, she not 


, * 


— 
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only becomes a pleasing, but a welcome, object; 
an object affording much for speculation to the 
contemplative mind, of real use to the navigator, 
the traveller, and the husbandman. The Hebrews, 
the Greeks, the Romans, and, in general, all the 
ancients, used to assemble at the time of new 
moon, to discharge the en of Pm on . 5 


= tle for its manifold uses. 


That the Moon. appears, ne er een than - 
the other planets, is owing to her vicinity to us; 
for, to a spectator in the sun she would be scarcely 
visible, without the assistance of a telescope. Her 
distance is but small from us, when compared 
with that of the other heavenly bodies: for among 
these, the least absolute distanee, when put down 

in numbers, will appeaf great, no: the opt 
ede immense. 

The Moon is 2161 i in e 0 =D bulk 
is about rx of the earth's; her. distance from the 
center of the earth 240,000 miles; sbe goes round 
her orbit in 27 days, 7 hours, 43 minutes, moving 
at the rate of 2299 miles per hour. The time in 
going round the earth, reckoning from change to 
change, is 29 days, 12 hours, 44 minutes. Her 
apparent diameter, at a mean distance from the 
earth, is 31 163“; but, as viewed from gho n of 

2 N. e e nee,, i 
Her orbit is inclined to the eoliptic, in.0on0gle ; 
of five degrees 18 minutes, cutting it in two 
points, whioh are diametrically e to each a 


\ 
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other; chese points are called her nodes. Her 


nodes have a motion westward, or contrary. to the 
order of the sigos, making a complete revolution 
in about 19 years; in which time each node re- 
turns to that enen of the 3 whenos, It before 
receded.. | 


If the os; were a WS possessing vatiye . | 
we should not perceive any diversity of appear- 
ance; but, as she shines entirely by light received 


from the sun, and reflected by her surface, it 
follows, that, according to the situation of the 


beholder with respect to the illuminated part, he 


will see more or less of her reflected beams; for 


only one-half of a pos ide. liese, at 


once. 1 TIGNE 15 


Hence, while 45 is r ber e | 


round; the heavens, sbe undergoes. great changes 
in her, appearance. She is sometimes on our me- 
ridian at midnight, and, therefore, 1 in that part of 
the heavens: which is opposite to the sun: in this 
situation she appears as a complete circle, and it 


is said to be full moon. As she moves eastward, 
she becomes deficient on the west side, and in 


about 74 days comes to the meridian. at about six 
in the morning, baving the appearance of a semi- 

eirele, with the convex side turned towards the 
endin bien e her bee is called the 


5 comes more Gees 0 on yy wt; Ink oy ws 


5 form; of a erescent vir the convex side turned 


. n 


= 

i 
al 
ns 
x 4 
; 
4" 


TE, 2.0 


4. 
b 


_ rr 
r 2-2 
. #* 1 may 


44 er THE MOON. 


towards the sun; this crescent becomes continu- 
ally more slender, till about fourteen days aſter 
tbe full moon she is 80 near the sun that she 
cannot be seen, on account of his great splendor. 
About four days after this disappearance, she is : 
seen in the evening a little to the eastward of the 
sun, in the form of a fine'crescent with the convex 
side turned from the sun: moving still to the 
eastward,” the crescent becomes more full; and, 
when the Moon comes to the meridian, about six 
in the evening, she has again the appearance of a 
bright semieircle: advancing still to the eastw-ard, 
she becomes fuller on the east side; at last, in 
about 291 days, she is again opposite to the sun, 
and again full. It frequently happens, that the 
Moon is eclipsed when at the full; and that the 
sun is eelipsed sometime between the disappear- 
ance of the Moon in the morning on the west 
side of the sun and her appearance in the evening 
on the east side of the sun. The nature of these 
phenomena will be more fully considered; when ; 
we come to treat particularly of eclipses. 
In every revolution of the Moon about the earth, 
sbe turns once round upon her axis, and therefore 
always presents to us the same face; and as, during 
her course round the earth, che sun enlightens 
sueeessively every part of her globe only once, 
consequently she has but one day in all that time, 
and her day and night together are as long 
as our lunar month. As we see only one side of 
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the Moon, we are therefore invisible to the inha- 
bitants on the opposite side, without they take a a 
journey to that side which is next to us, for which 
nn some of them must nel more n 1500 
mn AAS: ene ee ae 5 W 
As the Moon- ala the nts by a light | 
Alben from the sun, she is reciprocally enlight- 
ened, but in a much greater degree by the earth, 
pbdior the surface is above thirteen times greater than 
3 that of the Moon; andy therefore, supposing their 
. power of reflecting light to be equal, the earth 
. wiuoill reflect thirteen times more light on the Moon 
. than she receives from it. When it is what we 
call New Moon, we shall appear as a full moon 
to the Lunarians; as it increases in light to us, 
ours will decrease to them: in a word, our earth 
will exhibit to them, the same e a8 ny * 
to us. 9005 10. ed 10 81 90 
We have already observed, thas "RAY one | half | 
of the Moon the earth is never seen; from the 
middle of the other half, it is always seen over 
head, turning round almost thirty times as quick 
as the moon does. To her inhabitants, the earth 
| Seems to be the largest body in the universe, 
about thirteen times as large to them, as she does 
| to us. As the earth turns round its axis, the se- 
veral continents and islands appear to the Luna- 
triians as so many spots of different forms; by these 
„1 spots they may determine the time of the earth's 
_ "diurnal motion; by these spots, they may perhaps 
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measure then; time; det ee Soom 4 better 
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Mars, Jupiter, Saturn, and che een Sas, 
are dalled Superior planets, hecause they are higber 
in the system, or farther from the center of it thian 
thecentbizd n niggas ee n pod bee 
They exhibit several 3 which are 
very different from those ol Mercury and Venus; 
among other things, they come to our meridian 
both at non and neee are never seen | 
n the sun's disc. . MH Tran? Se ofa $0568 | 
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Mart is the least bright and elegant of all the 


planets; its orbit lies between that of the Earth 
and Jupiter, but very distant from botb. He 


appears of: a dusk reddish hue; from-the dulness 
of kis appearance, many have conjectured that he 
is encompassed with a thick cloudy atmosphere; 
bis light is not near 807 bright as that of Venus, 
| though: he is eee pet e 0 _ in 
812. > (12005 Gees | 
Mars, which "SW ee in . 2 
heavens, is 5,309 miles in. diameter. Its distance 
from the sun is 146,000,000 miles. It goes round 
the sun in one year, 32 days, 23 hours, moving 
2b the rate of 55,287 miles per hour. It revolves 


* 


round its axis in about 24 hours, 40 minutes. To 


an inhabitant in Mars, the sun would appear one- 


third less in diameter than it does to us. Its ap- 


parent diameter, as vicwed at a mean n 


from the earth, is 30 seconds. % 1648. 24 

Mars, when in opposition to the sun, is od 
times nearer to us than when in conjunction. 
This has a very visible effect on the appearance of 
the planet, causing him to appear much youre! at 


some periods than at others 09 


The analogy between Mars and the _ is by 
far the greatest in the whole solar system; their 
diurnal motion is nearly the same; the obliquities 


of their respective ecliptics not very different. Of 


all the superior planets, that of Mars is by far the 
ncarest like the earth: nor will the Martial year 
appear so dissimilar to our's, when we compare it 
with the long duration of the years of Jupiter, 
Saturn, and the Georgium Sidus. / It probably has 
a considerable atmosphere; for besides the per- 
manent spots on its surface, Dr. Herschel has often 
perceived occasional changes of partial bright 
belts, and also once à darkish one in a pretty high | 
latitade; alterations which. we can. attribute to no 
Other cause than the variable disposition of clouds 
and e e in ra ee 0 he 
planet. / 1h t d e 

N ee m Mars will nas if ever, see 

Mercury, except. what he sees it eee over the | 
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large as Venus, but not altogethef 
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the same distance from the sun, as Mercufy apa 


pears to us. The earth will appear about the size 


of Venus, and never above 48 degrees from the 
sun; and will be, by turns, a morning and even- 
ing star to the inhabitants of Mars. It appears, 
from the most accurate observations; that. Mars is 


a spheroid, or flatted sphere; the equatorial dia- 


meter to the polar being in the proportion of about 


431 to 127; and there is reason a a8 * 28 
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Jupiter is red still higher in the system, ren 
wlving round the sun, between Mars and Saturn: 
It is the largest of all 'the: planets, and easily dis- 


tinguished from them by bis peculiar magnitude 


and light. To the ee, bee b eur. almost a8 
so bright! e 
— exvihetsdunditbwin in nine hours, 56 


minutes; its revolution in tits orbit to the same 
5 . of ſonata aint 11 years; 314 days, 10 
sproportion of Jupiter to the earth, 
in size, n great; viewing him in the nenten, 
we consider him as | 
be is in reality 90,226 
tance from the sun is 494,750,000 miles; he 
moves at the rate of rather more than 29,083 miles 


3M all in magnitude; 4 re as 
miles in diameter; his dis- 


per hour. Its apparent diameter, as teen end G 


L 


the ee are of this figure 6 torts cher om 


mean distance from the earth, is 39”. e 
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jt) 'To an eye placed in Jupiter, the sun would not 
be.a-fifth-part of the size he appears to us, and his 
disc be 25 times less. Though Jupiter be the 
largest of all the planets, yet its revolution round 
its Axis is then swiftest. The polar axis is shorten 
than the equatorial one, and his . 
to the plane of his orbit. Yi 
Jupiter, when in opposition to the Sui is RS | 
nearer the earth, than when he is in conjunetioii 
with him 338d! those times he appears een 
and more luminous than at other time. 
In Jupiter; the days and nights are of rel 
hank each being about five hours: long. We 
have already observed that the axis of his diurnal 
rotation is nearly at right angles to the: plane of 
his annual, one, and consequently there can be 
scaree any difference in seasons; ufid here as far 
as we may reason from analogy; we may discover 
the footsteps of wisdoni: for, if the akis of this 
planet were inclined; by any considerable number 
of degrees, just so many degrees round each pole 
would, in their turn, be almost six years i in dark 
ness ; atid as Jupiter is Of such an amaziiig size 
in this case immense regions of land would be un- 
| inhabitable a4 1897 26k en Tcl, 10 dn 201. 
J upitet is attended by four Satellites, or mobi? 
these are invisible to the naked eye; batithroagh 
a telesope they: make a beautiftl appearance. .' As 
aur mqon turns round the earth, enlightening; the 
| wights, by refleatingthe light she redeives from: | 
D 


50 o OF{ MARS; 


the bun 3/80, these also ehligbten the nights of 
Jupiter, and move round bim in different periods 
of times, preportioned to their several distances: 
and as the moon keeps company with the earth in 

its annual rerolubion rbund the sun, 80. these 
. accompany: e ee courte round that lu- 
minary. ; EY .tidzo;zid Jod edit} 
125 Aniojiaking=5 the een 
according to their places; / inta the first; second 
and s oni bh the first, Mei mean that which is 
nearest to therplanetv is nods wooimul gnom buy 
|: Fhe;qutermost:of, Jupiter's satelliteswillappear 

almost as hig ascthe:moonadacy to us g five. times 
the diameter; and twenty- five timescthe disc of the 
sun, The four satellites must afford: a pleasing 

spectacleoto the inhahitants of dupiter; for some- 

; times tbeyrbll rise allgtegether, soitietimes be all 

together one meridiam, ranged one under ano- 

_ ther, besides frequent eclipsds. Notwithstanding 
chen distungei of Jupiter/and/ his satellites From: us, 
che eclipses thereof are of oonsiderablę use for as. 
| certainjng-with accuracy: the, longitude of places, 
Erdem tie four satellites the inhabitants of Jupiter 

will havenfout different ꝙæinds of nionths; und 
the number ol ao, in their year not less hö 

J 4.500 10 1-5 32 400} d be hng ei 29919: 11 
1 eee ee e will never iser Mer: 
eury, Venus, the Earth, or Mars becauge, from | 
the immense distance at. which he is placed, they 
must appear to accompany the TD cg 
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set with him 3 but then he will have for the ob- 
| Jects of observation, his own four moons; Saturn, 
his TY * ne =P n Ya the Pete. cron 
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Before the eh of the Georgium Sidus; 


Saturn wis reckoned the rost remote planet in 


our eysten! he Shines but with 4 pale feeble light, 
less bright thlan Jupiter, though less ruddy than 


Mars. "The uninformed 'eye imagines not, when 
it is directed to tlis little speck of light, that it is 


viewitig a large and glorious globe, one of the | 


most stupendous of che platiets, whose diameter is 


nearly 78,000 miles. . We need not, however, be 


surprized at tlie vast bulk of Saturn, and its dis- 


proportion to its appearance in the beavens; for 
we are to consider that all objects decrease in Weir 


apparent magnitude, in proportion to their dis- 


tatice: but the distance of Saturn is immense; 5 


that of the earth from the sun is 96,000, 000 
| miles; of Satürn, 916, 500000 miles. 


Tbe lengih of a planet's year, or the ike of its 


revolution” round its orbit, is propottioned to its 


distance from the sun. Saturn goes round the 


sun in 29 Fears 167 days, six hours, moving at 
the rate of rather more than* 22,298 miles per 


hour. | His apparent diameter at . acai distance 
from the earth is 16% if IH G9 i102 30 0119-50818 - 
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lt has not yet been ascertained with certainty 


by astronomical observation, whether Saturn re- 
volves or not upon his axis. The sun's disc will 
appear ninety times less to an inhabitant of Sa- 


turn, than it does to us: but notwithstanding the 


sun appears so small to the inhabitants of the re- 
gions of Jupiter and Saturn, the light that he will 
afford them i is much more than would be at first 
supposed: and calculations baye been made, from 
which it is inferred, that the. sun will afford 500 
times as much licht to Saturn, a as the full moon to 
us; and 1600 times as much to Jupiter. Jo eyes 
like our's, unassisted by instruments, Jupiter and, 
the Georgium Sidus would be the only planets. 
seen from, Saturn, to whom J upiter would. some- 
be a morning, sometimes an evening star. 


One of the first discoveries ol the telescope, 
when brought,to a 2 ee legree of perfection, 


Gallen, in 16 10, ; pa an it composed of thee 
stars or globes, a. larger, in the middle, and a, 
smaller on each side; and be gontinu d his, obser- 

rations till the two legser Stars digappeared, qnd 
this planet looked. like the others. ee =; 
servation shewed that what, Galileo 10 took for two 

stars, were parts of a ring. This singular.and c gu- 
rious appendage to the planet Saturn, is a thin, 
broad, opake ring, encompassing the body of the 0 
planet, without touching it, like the horizon of 
an * globe, appearing double when viewed 


— 


[ 
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| through a good telescope. The space between the 
ring and the globe of Saturn is supposed to be 


rather more than the breadth of the ring, and the 


greatest diameter of the ring to be in proportion 


to that of the globe, as seven to three; the plane 
of the ring is inclined to the plane of the ecliptic, 


in an angle of 305, and is about 21,000 miles in 


breadth. It puts on different appearances to us, 
sometimes being seen quite open, at others only as 
a line upon the equator. It is probable, that it will 


at times cast a shadow over vast regions of Saturn's 


body. The ring of Saturn considered as à broad 
flat ring of solid matter, suspended round the body 
of the planet, and keeping its place without any 
connexion, with the body, is quite different from 
all other planetary phenomena with which we are 
acquainted), 'Of: the nature of this ring; various 
and , uncertain, were the con joctures of the first 
dear. e mars eee than chose | 


| Wen we are as ignorant as of its nature: "ger 


there are reasons ſor supposing that it would ap- 


hear to them as little more wan a white or bright 
coloured cloud. Some of the phenomena of Sa- 
tarn's ring will be treated of. more particularly in 


another part of this ESA. $18 7 65 2 54 oO} 11100 K 2 
Saturn is hot ovly- fakabed with this — 


ring, hut en e g e wao¹ 


ie oe hs c "bluavt. 290735 5m: 
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Each the time of r Cane konbe dis 
dew: of the Georgium Sidus' by Dr. Herschel, 
though the intervening space was long, though the 

number of astronomers was increased, though as- 
siduity in observing was assisted by accuracy and 
perfection in the instruments of gbtervation; y. 
no hæw discovery was made in thè beaveus, the 


boundaries of our system were not enlarged. The 


 Inquisitive mind naturally inquires; why) dv ben the 

number of those that cultivated the stienee was 
increased, when the science itself was so much 
improved, in practical discoveries it was 50 defi- 


cient! A small knowledge of the human mind 


will answer the question; and obviate the diffi- 
culty. The mind of mam has à hatural propensity 
to indolence; the ardour ef its pursuits, When 
| they are unconnected with selfish views, are 500 

abated, small difficulties disdeurage, rtle incon- 
veniences fatigue it; and reason son finds exeuses 


td justify, and even applaud "this weaknes; In 


che present instance, the ummanageable length of 
the telescopes that were in use, and the côntifunal 
exposure to the cold air af the night, were me dif- 
ficulties that the stronomer bad to enteunter 
with; ; and he soo persuaded himself, that the 
f same effects would be produced by shorter tele- 
scopes, with equal magnifying power; herein was 
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his mistake, and hence the reason why, so ſew dis- 
coveries have been made since the time of Cini. | 
A similar instance of theſretrogradatibn of science | 
occurs in the history of the-micrazcope;zas I have 1 
she in my Essays on that instrument. | 
The Georgiam Sidas; was: discovered by Dr. | | 
_ Herschel; in the ycar 1781 1 ifor this discovery; he | 
; obtained from the Royal Society the honorary ne- * 
compence of Sir Godfrey Copleys medal. He | | 
named the planet in honour-of his Majesty King : 1 
George II. the Patron of boience, who has taken [| 
Dr. Herschel under his: patronage, and granted | 
4 bim an annual. -calary.) By this munificenceſhe has | q 
given scope to a very uncommon! genius, and ena- | . | 
bled him ——— g his: nin Studies . 1 g 
remnittedardouei vect 04 ar Eo 
In so recent a Moy. of a ches 80 — — | ' 
many particulars cannot be:expected.. Its year is i" 
supposed to be more than 80 giderial: years; its di? | f 


amqter 34, 299 miles the inolination o its orbit 
49035“; its diameter, compared to that of the 
1 earth as 43 1769 to 1 in bulk it isz18,049, 256 
Z times. aslarge as the earth. Its light is of a bluish 
white colour, and its brillianey betnvoon) that ofthe 
| moon and. Venus. 301 03 mobi a ; 91g: ; Elin fi 
Though the Georgium Sidus was notrkriown:as 
_  aplanet:tilbthadimeof Dr. Herichel, yet there are 5 
many teasons to suppose at Had been seen before, FL - 
but hadacbeen considered as a fixed star. Dr. 
Hebtabef o nitentiun was first. engaged bf the; sas 
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diness of its light; this induced him to apply high- 

er magnifying powers to bis telescope, which in- 
creased: the diameter of it: in two days he ob- 
served that its place was changed; he then con- 


eluded it was a comet; but in a little time he, 


with others, determined that it was a planet, from 
its vicinity to the ecliptic, the direotion of its mo- 
tion, being stationary in the time, and in such 
cirtumstances as ee with similar appear 
ances in other planets. Ach £14. 196 Ries 964 ban 


Wich a telescope, enn magniſies about 300 
nimes, it appears to bave a very : well-defined visible 


disc z{but with instruments of a smaller power it 


can hardly be distinguished from a fixed star be- 


| tween! the sixth and seventh magnitude. When 


che moon is . it nh also ati _ 18 
naked. eve. lagi 5 1 21 Ten OD 
Dr. l hag since een it is at- 


what by six satellites a discovery Which gave 
e him considerable. pleasure, as the little secondary 


planets seemed to give a dignity to the primary one, 
and raise it into a more conspicuogs! situation a- 
mong the great bodies of our solar system. 
As the distances of the planets, when marked 


in miles, are a burden to the memory, astrono - 
mers often express their mean distances in a shor- 


ter way; by supposing the distance of the earth from „ 


the sun tobe divided into ten parts. Mercury 
> then'be estimated at our of such parta from 


| fue vom, Venus at: seven, the earth at: tet ien 1 
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at fifteen, Jupiter at fifty-two' such pete Saturn 
mln tp and the Georgium Sidus 190 parts. 

By comparing the periods of the planets, or the 
time they take to finish their revolutions, with 


their distance from thersun, they are found to ob- . 


serve a wonderful harmony and proportion to each 
other; for the nearer any planet is to the sun, the 


sooner does be finish his revolution. And in this 
there is a constant and immutable law, which * | 


the bodies of the universe inviolably observe in 

their ciroulations; namely, That the squares 5 
their periodical times are a the cubes of their dis- 
tances from the center of the orbits about which they 
regularly perform thetr motions. We are indebted 


to the sagacity of Kepler for the discovery of this | 
law ; he was indeed one > of the first ane of 


| modern astronomy. Sr tt; We 55 
I cannot ee e 


lar system better than in the words of that excel - . 
lent mathematician; Mr. Maclurrin-: 5 The view 


of nature, which is the immediate object of sense; 
is very imperfect, and of small extent; but by the 
assistance of art, and the aid of reason; becomes 
5 enlarged, till it 4oses itself in infinity. As maghi- 
tude of every sort, abstractedly:considered;: is ca- 
pable of being increased to infinity, and is also 


divisible without end; so we find, that in nature 
| the limits of the greatest and least dimensions of 
things are actually placed at an immense distance 8 


fromm each other. 
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% We can perceive no bounds of the vast ex- 


panse, in which natural causes operate, anf fix no 
mit, or termination, to the universe. The ob- 
jects we commonly call great, vanish, when we 
contemplate the vast body of the earth. The ter- 


raqueous globe itself is lost in the solar system; 
the sun itself dwindles into a star; Saturn's vast f 
orbit, and all the orbits of the comets, erowd into 


| pointz when viewed from numberless places be- 
teen the earth and the nearest fixed stars. Other 


uns kindle to illuminate otber systems, where 


our sun's rays are unperceived but they also are 


swallowed up in the vast expanse. When we 
bave risen 50 high, as to leave all definite mea- 
sures far behind us, we find ourselves no nearer 


to a term or limit. "wal. 


“ Our views of nature, — serve 
to represent to us, in a most sensible manner, that 
mighty power which prevails throughout, acting 


' with a ſorce and efficacy thatisuffers no diminution 
from the greatest distances of space, or intervals of 


time; and to prove that all things are ordered by 


. bog 7 


infinite wisdom and perfect” goodness: scenes 


which should excite and animate us to correspond 
with! the general e tk $45 0 001 
on er bits” inna or benen ganivd:to.aldeg 
tant tnt en 5 „ 8 570 l lei 
70 ac ah 365! e acta yo to aim" on: 
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Hug b kleb a general Mew of the „e 
system, and the bodies of which it is is composed, 
it will be necessary to enlarge these ideas by a 
more minute deseription of the particular parts 
_ which! form this great whole; and totstrengthen 
them by the force of Ty 3 oe hel the 
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The Fane m the havvedly'd bodies: could not 
be settled with accuracy” from observatioris made 
o the surfuce of the eurthi; inbess its figure and 
magnitude ere previously know] n and without 
this knowledge, comprtations' from the observas 
tions of the heavenly bodies, for ascertaining the 
situation of places on the earth,” could not be de- 
ended Serie Is i bod nä It 268) eiche 

15 bare tready/obaerted; chat the helene er 
the heavenly bodies id hot the sure to the inha® 
bitants of virions parts of (he earth; that the sun, 
the moon, and the stars, rise Atrd set in Greenland 
in a manner very different rm what they“ de in 
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to what they do in n England: . as it was na- 
tural to attribute the cause of this change in the 
apparent face of the heavens, to the figure of the 
earth, (for appearances must ever answer to the 
ſorm and structure of the things) the nature of 
this figure was, therefore, one. of the first objects 
of inquiry among philosophers and astronomers. 
Some of the sages of antiquity concluded, that 


the earth must necessarily be of a spherical figure, 
deeause that figure was, on many accounts, the 


most convenient for the earth, as an habitable 
world: they also argued, that this figure was the 


most natural, because any body exposed to forces, 


which tend to ane common center, as is the case 
with the, earth, would necessarily assume a round 


figure. The assent, however, of the modern phi- 


losopher to this truth was not determined by spe- 


_ eulative reasoning, but on eyidence derived from 
ſacts and actual observation. From these I sball 
select those arguments, that I think an haye the 5 
greatest weight with young minds 3. 


It is known, from the laws of eee 
Hane, that if any body, 1 in all -rantiods, _ 


dow, that 3 must ae re wt 7 110 19nd DI) 


It is also known, that eclipses of the moon are 
caused by the shadow of the earth. bab non ; 


£5. 
740 


Aud we find, that whether the .chodow be pro- | 
ted towards PR the north. or bes 
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soutb, under every circumstance it is circular: the 
body therefore that casts the shadow, which is the 


We shall obtain another convincing; proof o 


the globular shape of the earth, by inquiring in 
what manner a person standing upon the coast of 
the sea, f and waitin g for a vessel which he knows 
is to, arrive, sees that vessel. We shall find, that 
he first of all, and at the greatest distance, sees 
the top of the mast rising out of the water; and 


the appearance is, as if the ship was swallowed up 


in the water. As be continues to observe the 


object, more and more of: the mast appears; at 


length he begins to see the top of the deck, and 
by degrees the whole. body of the vessel. On the 

other hand, if the ship be departing from us, we 
tirst lose sight of the bull; at a greater distance 


the mains sails disappear, at à still greater the top-. - 


sails. But if the surface of the sea were a plane, 
would be seen first and from the greatest distance, 
and the masts would not be visible till it came 
nearer. 4: mow Hine ed n 3403 
7 Jo render e eee still clearer, let us 
consider two ships meeting at sea, the top- mast 

of each are the parts first discovered by both, 5 
| hull, &c. being concealed by the convexity. of the 
globe which rises between them. Tbe sbips may, 
in this instance, be resembled to two men, who 
approach each other on the opposite sides of a bill: 
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their-heads'-will' be first seen, and gradually; 36 
they approach, the body will become entirely in 
view. From hence: is derived a rational method 
of estimating che distance of à ship, Which is/in 


use among sea: fariug people, namely; of observing 


how tow they ran bring her dotun, that is to say, the 
mam nt the mast head fixes his eyes ot the vessel 

in $glity and Slowly descends by the shrouds, till 
she becomes no longer visible. The less the dis- 


tance, the lower he may descend before she disap- 


prarb. If observations of this Kind be made with 
aA telescope the effect is still more remarkable; as 


the distayee increases or diminishes, the ship in 
sight will appear to become more and more im- 
mersed, or to rise gradually out of the water. 
This truth is fully evinced by the following con- 


_ sideration's that ships have sailed round the earth, 


baxe gane out from the westward, and have come 


home from the east ward; or in other words, the 


ships have kept the same course, and} yet returned 
from the opposite side into the harbour - whence 


they first sailed. Now we are certain that this 
could not be the case, if the earth were a plane; 
for then à person; who should set out for any one 


point, and go on straight ſorward, without stop- = 


ping, would be continually going further from the 


point from Whieh he set dut. 7 This argument may 
be much elucidated, by referring the pupil to a 
terrestrial globe, on which he may follow * 


tracks of an Aus Wand C round che world.” 


\ 
. - 


PLE 


PLE 


jaſerted from tlie operation 
of conveying water from one place to dee 
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Plate W age 1 and 2, are iltotrations' of the 


foregoing principles. Hg. 1, shews that if the 


carth was a plane, the whole of a ship would be 


seen at once, however distant from the spectator, 
and that whether he was placed at the top or bots | 


tom of a hill. From fg. 2, it appears, that the to- 
tundity of the earth, represented by the circle: A 


the topimast is still visible; and chat it is not till 


the ship comes to e, that the whole of it is visible. 


The following remarks evince the same truth. 
Obserye any star nearer the northern part of the 


horizon, and if you travel to the south, it wil! 


seem to dip farther and farther downwards, till by 
proceeding, it will descend entirely out of sight. 
In the mean time, the stars to the southward of 


our traveller will seem to rise higher and higber. 


The contrary appearances: would happen, if the 


went to the nort ward! This proves that the earth 


is not a plane surface, but a curve in the direction 


south and north. By an observation nearly simi- 
lar to this; the traveller may prove the neee, of 
the Ear kh, it an east and west direction- nit) b 3 


The glebular figure ef the earth may be also 
n of levolling, or the art 


for in this process, it is found neeessary to make 


an allowance between the true and apparent level;! 


or in other words, for the figure of the earth. For 


che true level is vt @ieadght line, but a curve 


* 


B C, coneeals the lower part of the ship d, while 


= 


| 
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Which falls. below n. straight line about agbe 
inches in a mile, four times eight in two miles, 
nine times eight in three miles, sixteen times eight 
in four qpiles, . e as 3 of 
What the _ aa of its 8 by moun- 
tains and vallies, is very ineonsiderable; the high- 
est eminence bearing so little proportion to its 
bulk, as to be scaroely equivalent to the minutes! 


= protuberance on-the Surface of a lemon. 


It is proper, however, to acquaint. the young | 
pupil, that though we call our earth a globe, and 
that when speaking in general terms, it may be 
considered as such; yet in the strictness of truth, 
it must be observed, that it is not exactly and per- 
fectly. a sphere, hut a spheroid, flattened. à little, to- 
wards the poles, and swelling at the. eguator; the 
equatorial diameter being about thirty- four miles 
longer than the diameter from pole to pole. This 
| difference bears, therefore; too small à propor- 
tion to the diameter to be represented on globesſ M. 5 
Cassini, from Picart's measure of a degree, assert- 

ed, that the earth was an oblong or prolate sphe- 
 roid, flattened at the equator, and protuberant at 

the poles ; 5 while Neuton and. Huygens; from a 


consideration of the known laws and the diurnal, 
motion of the earth, concluded that the figure of 
the earth was that of an oblate spheroid, flattened 
at the poles, protuberant at the equator. To de- 
cide this important question, Louis XIV. ordered 


we , 
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two degrees of the meridian to be measured, one 
under the equator, the other as near. the pole as 
possible. For this purpose, the Royal Academy 
of Sciences sent Messrs. Maupertuis, Clairault, 
Camus, and Le Monnier, to Lapland: they set out 
from France in 1735, and returned in the spring 
of the year 1736, having satisfactorily accomplish- 


ed · the purpose for which they were sent. Messrs. 


Godin, Condamine, and Bouguer, were sent on the 
southern expedition: to these the King of Spain 
joined Don George Juan, and Don Anthony de Ul- 
loa, who left Europe in the year 1735, and after 
encountering innumerable hardships and difficul- 
ties, returned to Europe at different times, and by 
different ways, in 1744, 1745, 1746. The result 
of this arduous task was a complete confirmation 


of Newton's theoretical investigation. The dif- 


ference between the equatorial and polar dimen- 
sions, when compared with the earth's semi-dia- 
meter, is but an inconsiderable quantity, atnount- 
ing ig the whole to an elevation of little more than 


163 of 3970; that is to less than a 240th part of 


the distance from the surface of the earth to the 


center. If a meridional section of such a spheroid 


were laid down upon paper, the eye would not dis- 
tinguish it Foun a þ perfect. circle. 


[66] 
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1 


Though i it is be motion ed gives us the 
grateful vicissitudes of day and night, adjusted to 
the times of labour and rest; yet young people 
generally find some difficulty in conceiving that 
the earth moves; the more so, because, in order 
to allow it, they must give up, in a great measure, 
the evidence of their exterior senses, of which the 
impressions are at their age exceeding strong and 
Hvely. It will, therefore, be necessary for the tu- 
tor to prove to them, that they can by no means 
infer that the earth is at rest, because it appears 
so, and convince them by a variety of fats, that 
reason was e to correct ore 3 1 the 
"SenSes.. 5 E | 
„ this end we shall here hint out some in- 

stances, where apparent motion is produced in a 


body at rest, by the real motion of the spectator. 


Let us suppose a man in a ship to be carried along 
by a brisk gale, in a direction parallel to a shore, 
at no great distance from him; 1 while he keeps his 
eye on the deck, the mast; the sails, or any thing 
about the ship, that is to say, while he sees nothing 
but some part of the vessel on board of which he 
is, and consequently every part of which moves 
with him, he will not perceive that the ship moves 
e et him, after this, look to the Shore, and 
he will see the houses, trees, and hills, run from 
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him in a direction contrary to the motion of the 
vessel; and supposing him to have received no 
previous information on the subject, he might na- 
turally conclude, that the ment motion of these 
bodies was real. 

In a siimilar situation to this, we may conceive 
the inhabitants of the earth; who, in early times, 
knew nothing of the true structure or laws of the 
universe, saw the sun, the stars, and the planets, 
rise and set, and perform an apparent revolution 
about the earth. They had no idea of the motion 
of the earth, and therefore all this appearance 
seemed reality. But as it is highly reasonable to 

suppose, that as soon as the slightest hint should be 
given to the man, of the motion of the vessel, he 
would begin to form a new opinion, and conceive 
it to be more rational, that so small a thing as the 
ship should move, rather than all that part of the 
earth which was open to his view; so, in the same 
manner, no sooner was an idea formed of the vast 
extent and greatness of the universe, with respect 
to this earth, than mankind began to conceive it 
would be more rational that the earth Should move 
than the whole fabric of the heavens. | 

By another familiar instance it wil be easy to 
shew the young pupil; that as the eye does not 
perceive its own motion, it always judges from ap- 
pearances, Let a person go into a common wind- 
wilt, and desire the miller to turn the mill round, 
E 2 
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while he is sitting within it with his eyes ; fixed on 
the upright post in the center thereof ; this post, 
though at rest, will appear to bim to turn round 
with considerable velocity, the real motion of the 
mill being the cause of the apparent motion of the 
swivel post. Sea-faring people are furnished with 
various instances to illustrate this subject; those 
who are busy in the hold of a ship at anchor, can- 


not by any perception determine whether the ship 


has swung round or not by the turn of the tide. 
When a ship first gets under-way with a light 
breeze, she may be going at a good rate before 
those who are between decks can perceive it. 
Having thus obviated the objections which arise 
from the testimony of the senses, we may now 
proceed to consider the arguments which tend 
more directly to prove the motion of the earth. 
All the celestial motions will, on this supposi- 
tion, be incomparably more simple and moderate. 
This opinion is much more agreeable to our no- 
tions of final causes, and our knowledge of the 
economy of nature; for if the earth be at rest, and 
the stars, &c. move round it once in 24 hours, 
their velocity must be immense; and it is certain- 
ly more agreeable to reason, that one single body, 
and that one of the smallest, should revolve on its 
own axis in 24 hours, than that the whole universe 
f should be carried round i it in the same ee with 
inconceivable velocity. 
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The rotation of the earth round its axis is anala- 
gous to what is observed in the sun, and most of 
the planets; it being highly probable, that the 
earth, which is itself one of the planets, should 
have the same motion as they have, for producing 
the same effect: and it would be as absurd in us 
to contend for the motion of the whole heavens 

round us in 24 hours, rather than allow a diurnal 
motion to our globe, as it would be for the inha- 
bitants of Jupiter to insist that our: globe and the 
whole heayens, must revolye round them in ten 
hours, that all its parts might suceessiyely enjoy 
the light, rather than en 4 carnal. motion to 
their habitation. 5 
All the phenomena akin) to this e are 
| as easily solved on the supposition of the earth's 
mongn, as on the contrary hypothesis. 

Besides the foregoing considerations, there are 

; Was arguments to be deduced from the higher: 
Paris of asironomy, which demotiatrably {y prove the 
diurnal motion of the earth. 

Before we enter into a further explanation of 
tang; it will be necessary to define some of 
the principal circles of-,the globe. The reader 
will comprehend more fully these definitions, and 

attain more accurate ideas of these cireleg, by plac: 
ing, while he is reading them, a terrestrial globe 
or armillary sphere before him. It may, however, 

he necessary to premise, that we are at liberty to 
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suppose as many circles as we please to be de- 
scribed on the earth; and the plane of any of these 
to be continued from the earth until it marks a 
corresponding circle in the concave m of the 
heavens. Es | 5 

Among these circles; the horizon is the most 
frequently named. Properly speaking, there are 
two circles by this name, but distinguished from 
each other by added epithets, the one being called 
the sensible, the other the rational horigon, 

In general terms, the horizon may be defined to 
be an imaginary circle, that separates the mend 
from the invisible part of the heavens. ROE, 
If a spectator supposes the floor or plane on 
- which he stands, to be extended every way, till it 
reach the starry heayens, ng plane is his Sensible 
| horizon. 

The rational 8 is a Web whose plane i 18 
parallel to the former, but ee e the 
| ne of the earth. BA 

The rational horjzon divides the concave e 
of the heavens into two equal parts, or hemi- 
spheres; the objects that are in the upper hemi- 
sphere will be visible; such as are in the lower 
hemisphere will be invisible to tbe spectator. 

Thqugh the globe of the earth appears so large 
to those who inhabit it, yet it is so minute a speck 
when compared to the immense sphere of the hea- 
vens, that at that distance the planes of the rational 
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and sensible horizons coincide : or in other words, 
the distance between them in the sphere of the 
heavens is too small for admeasurement. 

To illustrate this, let A B C D, plate 3, fg. 1, 
represent the earth; z hn o the sphere of the 
starry heaven. If an inhabitant of the earth stand 
upon the point A, his sensible horizon is s e, his 
rational one Ao; the distance between the planes 

of these two | horizons is A F, the semi-diameter 
of the earth, which is measured in a great circle : 
upon the sphere of the heaven, by the angle e F o, 
or the arc e o; this arc in so small a circle, x A o, 

5 would amount to several degrees, and consequent- | 
ly the difference between the sensible and rational 
horizon would be great enough to be measured by 
observation. If we represent the sphere of the 
heaven by a larger circle, the semi-diameter of the 
earth A F, measured in this circle, will amount 
to fewer degrees; for the arc E O is less than the 
are e o; and the larger the sphere of the heaven 
is, in proportion to the globe of the earth, the less 
sensible is the difference between the two hori- 
zons. Now as the sphere of the earth is but as a 
point, when compared to the starry heaven, the 
difference between the sensible and rational hori- 
zon will be insensible. | 

From what bas been said, it appears that the” 

* only distinction between the sensible and rational 
horizon, arises from the distance of wg N we 
are looking at. | 


* 


” # 
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The hte. horizon” is wy imaginary cirels, 
which terminates our view, when the ents we 
fr loaking at are upon the earth's surface. 

Fhe rational Borixon is an imaginary be, 
which terminates our view, when the objects we 
are Jooking: at are as remote as the. apr pf 
| bodies.” + 034 1 1 SEP: $3 670 IEP 

As the rational horizon divides t the aper ce- 
Jetial- sphere into two equal, hemispheres, and 
serves as a boundary, from which to measure the 
elevation or depression of celestial objects; those 
in the upper, or visible hemisphere, are said to be 
high, or elevated above the horizon; and those in 
the other hemisphere a are © PRA e or below the 
horizon: e | 

The earth being 2 8 boch, the 8 
or limits of our view, must change as we change our 
place; and therefore every place upon the earth 
has a different horizon. Thus, if à man lives at 
” Plate 3, fig. 2, bis horizon is GO; if he lives at 
Mo: his horizon is H D; if at , it is A E. From 
hence we obtain another proof of the sphericity of 
the earth: for if it were flat, all the" inhabitants. 
| thereof would have the same horizon. 48 
The point in the heavens, which 4 is dir tly 
over the head of a spectator, is called the zenith." 

That point hich: Hel directly under his took, is 
called the , gonidt aj lng. 

If a man lives at 4, plate 3, Ne. 2, his zentthvis 
A, his nadir E; if he lives at P, his — 


> 
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| bis badir F. Consequentiy the zenith and horizon 
of an observer remain fixed in the heavens, 80 


long as he continues in the same place: but he 
no sooner changes his position, than the horizon 


touches the earth in another point, and his zenith 


answers to a different point in the heavens.” 
The axis of the earth is an imaginary line, con- 


_ ceived to be drawn through the center of the 
earth, upon which line its revolutions are made. 


The poles of the earth are the extremities of its 


axis, or those two points on its surface, where its 


axes terminate; one of these is called the north; 


and the other the 5outh pole. The poles of the 
| heavens, or of the world, are those two points in 
the heavens, where the axis of the earth, if pro- 


duced, would terminate; so that the north pole 7 
the heavens is exactly over the north pole of the 
earth, and the south pole of the heavens is de 
over the south pole of the eart. a 
The eguator is an imaginary. dad whichis' sup- 
posed to be drawn round the earth's surface, in 
the middle between the two poles. It divides the 


earth into two equal parts, one of which is called 


the northern, the other the southern hemisphere. 
If we suppose the plane of the earth's equator to 
be extended all ways, as far as the heavens, it will 


mark there a circle, that will divide the heavens 
into two equal parts; this cirele is called some- 
times the eguinoctial, sometimes the ä 


fore” 
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The meridian: of any place is a circle. supposed 


to pass through that place and the poles of the 
' earth; we may therefore imagine as many meri- 


dians as there are places upon the earth, because 
any place that is ever so little to the east or west of 
another place, has a different meridian, | 
By the foregoing definition, we see that the me- 


ridian of any place is immoveably fixed to that 


place, and carried round along with it by the ro- | 
tation of the earth. The meridian marks upon 


= the plane of the Horigom: the north and south 
| 3 ma | 


The cle ch the 4 sun . is e 


| every year, in the concave sphere. of the heavens, 


is called the ecliptic. It is thus denominated, be- 
cause in all eclipses the moon is either in or near 
the plane of it. But as the earth moves round the 


sun, in the plane of the Wg N it is kemi the 


1 of the earth's orbit. | 
If we conceive a zone, or PE W n wg 
grees broad, in the concave sphere of the heaven, 


with the ecliptic passing through the middle of it, 
this zone is called the zodiac. The stars in the 


zodiac were divided by the ancients into twelve 
equal parts or signs, to correspond with the months 
of the year; and because the number ttelve with 
them was always expressive of fulness or comple- 


tion, it is used in that sense in sacred writ. The 


igus are named, Aries, Taurus, Gemini, Cancer, 


— 
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Law: Virgo, Libra, Scorpio, e erer 
nus, Aquarius, Pisces. 

We may imagine as many Grofes? as we pleas 
drawn on a globe, parallel to the equator, and 
these will decrease in their diameter, as they ap- 


. proach nearer the poles. The #ropics are two lesser 


circles of this kind, parallel to the equator, and 233 
degrees distant from it; one in the northern he- 


misphere, which is called the tropic ef Cancer ; 
the other in the southern, which is called the 26. 


pic of Capricorn. If we conceive the planes of 
these circles expanded, till they reach the starry 
heaven, the sun will be seen to move in that circle 
which corresponds to the'tropic of Cancer on the 
longest summer's day, and in that. eirele which 
answers to the tropic of won ns on wy ene 5 
winter's day. | 42 B54 
The polar circles are two user circles, con- 


: 
' 


ceived to be I at 233 e een from 


each pole. f | "3 
be axis of the worth] is mine to the ends 
"i ecliptic, and makes with it an angle of 663 de- 


grees; therefore the plane of the earth's equator _ 


cannot" coincide with the plane of the ecliptic, but 
these two err a, make mea one ne an * 


= * 
5 F # 5 z ; 
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The foregoing definitive 3 W we 
may now proceed in the description of the pheno- 
mena of our system. It is owing to the industry 
of modern astronomers, that the annual motion 
of the earth has been fully evinced; for, though 
this motion had been known to, and adopted by 
many among the ancient philosophers, yet they 
were not able to give their opinions that degree of 
probability, which is attainable from modern dis- 
coveries, much less the evidence arising ſrom 
those demonstrative proofs' of which we are now 
in possession. We shall, thereſore, enumerate 


some of the reasons which induce astronomers to 


believe that the earth moves round the sun, and 
chen explain further the nature of this motion, 
calculated to afford us the useſul and delightful 
| variety of the seasons, the mutual allay of immo- 
derate heat and cold, as also for the suecessive 
5 2 and recruit of vegetation. | n. 
TPhbe celestial motions become eb 
more simple, and free from those looped contor- 
tions which must be supposed in the other case, 
and which are not only extremely improbable, but 
: compatible with what we know of motion. | 
This opinion is also more reasonable, on ac- 
count of the extreme minuteness of the earth, 
when compared with the immense bulk - of the 
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Sun, Jupiter, and Saturn; and there are no known 
laws of motion, according to which so great a | 
body as the sun can revolve about so small a one 
as the earth. Fs 

| The sun is the fountain of light and heat, which 
it darts through the whole system; it ought, 
therefore, to be in the center, that its influence 
may be regularly diffused through the whole hea- 
vens, and communicated i in Jun Fame 0 a 
whole system. due. aal ad 
When we consider the s sun as « the akbrd the 
| ati we find all the bodies moving round it, 
agreeable to the universal laws of gravity; but, 
upon any other eonsidetntion, we are left in the 

dark. 8 | 
The motion of the earth round Web sun 1 
with that general harmony and universal law which 
all the other moving bodies in the system observe, 
namely, that the squares of the periodic times are as 
the cubes of tlie distances; but if the sun moves 
round the earth, that law is destroyed, and the ge- 
neral order of symmetry in nature.interrupted. 
It is incontestibly proved by obsery ation, a mo- 
tion having been discovered in all the fixed stars, 
which arises from a combination of the motion of 
light with the motion of the earth in its orbit. 

It will be clearly shewn in its place, that Venus 
and Mercury move round the sun in orbits that 
are between it and the earth; that the orbit of the 
earth is situated between that of * and Mars; SES) 


x : ; \ * 
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Fan orbits of Mars, Jupiler, Ste. are exte- 


1 and include the ee three. 


4 
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5 3 FROM "THE BARTH'S ANNUAL MOTION 
© ROUND iT. ES. DOS BORA iD. 


Saga foe 671 nds 91G) des e 

As when a person n * this Sea RS the 
g the villages, and other remarkable places 
on land, appear to change their situation, and to 
pass by bim; 80 it is in the heavens. To a spec- 
tator upon the earth, as it moves along its orbit, 
or sails as it were through celestial space, the sun, 
the planets, and the fixed stars, appear to _— 
their places. 

Apparent change of 8 18 Af as sorts; the: 
one is that of bodies at rest, the change of whose 
place depends solely on that of the spectator; the 
other is that of bodies in motion, whose apparent 
change of place depends as well on their « own 


motion, as on that of the spectator.. 


We shall first consider only that apparent 8 


| which takes place in those which are at rest, and 


which is owing wholly to the motion of the earth, 
and Shew that the sun, when seen from the earth, 


will appear to move in the same manner, whether 


it revolves round the earth, or whether the eartn 
revolves round che sun. Let us suppose the earth 
At rest, without any motion of its own, and let the 
be cuppozed to — round it ee * 


— 
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ABCD, plate 4, fig. I; and let EFG H be a 
_ circle in the concave sphere of the starry heavens; 
as the sun moves in the order of the letters ABCD 
in its orbit, it will appear to a spectator on the 
earth to have described the circle EFH G. 
When the sun is at A, it will appear as if it was 
among the fixed stars that are at E; when it is at 
B, it will appear among the fixed stars at F; when 
at C, among those at H; and when it is at D, it 
will appear among the fixed stars at G. Indeed, 
the fixed stars and the sun are not seen at the same 
time; but we have sbewn, that we may tell in 
what part of the heavens the sun is, or what fixed 
stars it is near, by knowing those which are oppo- 
site to it, or come to the south at midnight. 
Therefore, if we find that any set of stars, as those 
at G, for instance, come to the south at midnight, 
we may be sure that they are opposite to the sun; 


and consequently, if we could see the stars in that . 


part of the heaven where the sun is, we should 
find them to be those at F. | 
Secondly, let us suppose chat 8 is the sun, bd 

ing no motion of its own, that it rests within the 
orbit ABC D, in which we shall now suppose the 
earth to move, in the order of the letters ABCD. 


5 Upon this supposition, when the earth is at A, 
the sun will appear in that part of the heavens 
where the stars, H, are; when the earth is at B, 

the sun will appear in that part of the heavens 

where che stars, G, e W the earth is at Cc | 


* 
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the sun will appear in that. part of the heavens 
were: the stars, E, are; and as the carth revolves 
round the sun in the orbit AB CD, the sun will 


go. to a pc Pun earth to 1 the 
Thus. 3 the art 90g at 3 . sun 
* the orbit ABCD; or the sun be at 
rest, and the earth revolves in the same orbit, a 
mdpectator on the earth will see the sun describe 
the same circle E pee in tha! concave: Ros | 
_ ofthe Heavens. e 2d4 hoy 
Hence, if es Slat of: "= it Abit "ON 
imagined to be extended to the heavens, it would 
eut the starry firmament in that very circle, in 
which a spectator in the sun would see the earth 
revolve every * while an inhabitant of the 
earth would observe the sun to go through the , 
same circle and in the same space of time that . | 
cola spectator would see the earth describe it. 
The inhabitants of all the other planets will ob- 
serve just such motions in the sun as we do, and 
ſor the very same reasons; and the sun will be 
den from every planet to deseribe the same circle, 
and in the same space of time, that a spectator in 
| the: sun would observe the planet to do. For ex- 
ample, an inhabitant of Jupiter would think that 
| the: sun revolved round him, describing a circle 
in the heavens in the space of twelve years: this 
ſe v0 would not he the same with our ecliptic, 


Wr, * che sun e e pass ** the 


„„  - 8 


same stars which he does to us. On the same 
account, the sun, seen from Saturn, will appear 
to move in another circle, distinct from either of 
the former; and will not seem to finish his period 
in less time than thirty years. Now, as it is im- 
possible that the gun can have all these motions 
really in itself, we may safely affirm, that none of 
them are real, but that they are all apparent, and 
arise from the motions of the respective planets. 
One phenomenon arising from the annual mo- 
tion of the earth, which has already been slightly 
touched upon, may now be more fully explained; 
for, as from this motion the sun appears to move 
ſrom west to east in the heavens, if a star rises or 
sets along with the sun at any time, it will in the 
course of a few days rise or set before it, because 
the sun's apparent place i in the heavens will be 
removed to the cast ward of that star. Hence; 
those stars, which at one time of the year set with 
the sun, and therefore, do not appear at all, Shall 
at another time of the year rise when the sun Sets, 
and shine all the night. And as any one star 
$hifts. its place with respect to the sun; and in 
consequence of that with respect to the hour of 
the night, so do all the rest. Hence it is, that all 
those stars, which at one time of the ,year appear 
on any one. side of the pole star in the evening, 
sball in half a Van appear on the OAPI, side 
| thereof. | - 


WW 
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? Rees of those that t biss e l mo- 
| As the earth is of a spherical figure, that 
"oo of it, which comes at any time under the 
confined view. of an observer, will seem to be ex- 
| tended like a plane; and the heavens will appear 
as a concave spherical superficies, divided by the 
afbresaid plane into two equal parts,“ one of 
which is visible, the other e ee "Ow us by | 
we opacity of the earth. C 
| Now the earth, by its revokition round its axis, 
carries the spectator and the aforesaid plane from 
west to east; therefore, all those bodies to the 
east, which could not be seen because they were 
below the plane of the horizon, will become visi- 
ble, or rise above it, when, by the rotation of the 
earth, the horizon sinks as it were below them. 
On the other hand, the opposite part of the plane 
towards the west, rising above the stars on that 
side, will hide them from the spectator, and hoe 4 
| wil appear to set, ar go below the horizon. 
As the earth, together with the horizon of the 
1 spectator, continues moving to the east, and about 
' the same axis, all such bodies as are separated 
from Es earth, and which do not 92222 of that 


ee . 


\ 
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motion, will seem to move uniformly in the same 
time, but in an opposite direction, that is, from 


east to west; excepting the celestial poles, which 


— 


will appear to be at rest. Therefore, when we 
say, that the whole concave sphere of the heavens 
appears to turn round upon the axis of the world, 


whilst the earth is performing one rotation upon 


its own axis, we must be understood to except the 
two poles of the world; for these do not en 


of this apparent motion. 


It is, therefore, on account of he added of 


by earth round its axis, that the spectator ima- 


gines the whole starry firmament, and every point 


of the heaven, excepting the two celestial poles, 
to revolve about the earth from east to west every 
tw-enty- four hours, each point describing a greater 
or lesser circle, as it is more or less remote from 


one of the celestial poles. 

The earth is made to revolve on its axis, in 
order to give alternate night and N to OM part 
of its surface. by 


Although die on . ut is e 


nated by all the stars which are above the horizon 


of that place; yet, when the sun is above the ho- 
rizon, his light is so strong, that it quite extin- 
guishes the faint light of the stars, and produces 

day. When the sun goes below the horizon, or 


more properly, when our horizon gets above the 


sun, the stars give their age . we are in that 
state which ne bill to olga 4; 
I 2 „ 
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Now, as the earth is an opake spherical SP 
at a great distance from the sun, one-half of it 
will always be illuminated thereby, while the 
other half will remain in darkness. 

The circle which distinguishes | or divides he 

| Ati face of the earth from the dark side, 
and is the boundary between light and darkness, 
is generally called the terminator.” A line drawn 
from the center of the sun to the center of the 
earth, is perpendicular to the plane of this circle. 
It is plain, that when any given place on the 
globe first gets into the enlightened hemisphere, 
the sun is just risen to that part; when it gets 
half. way, or to its greatest distance from the ter- 
minator, it is then non; and when it leaves the 
_ enlightened hemisphere; it is then sun- set. : 
Here it will be necessary to premise a few con- 
siderations: First, that on account of the immense 
distance of the sun from the earth, the rays which 
proceed from it may be considered as parallel to 
+ each other. Secondly, that only one-half of a 
22 can be illuminated by parallel rays, and 
therefore only one-half of the 1 will ve egen 
ened by the sun at one time. ; 

These  considerations will bs Andere more 
| | forcible; by an-attentive'survEy of g. 1, plate 5; 
in which S represents the sun, from whom we 
suppose parallel rays to flow in all directions. At 
A, B, C, are represented three different positions 
of the globe of the er the * part * 8 


* 
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that which is illuminated by the rays l 
from the sun; the shaded part, the portion of the 
globe which is in darkness; of course, the line 
T T is the On or „ of light, and. 
darkness. 

In the globe at 00 the poles coincide with the 
terminator. | 

In che globe at 15 the movie bal is in tie 
ee portion, and the south pole in the 
dark hemisphere: while, in the opposite globe, at 
B, the southern pole is in the illuminated ape! 
. the north pole in obscurity. WT 

It is evident, that it is day in 0 S 1 
on the globe, so long as that place continues in 
the enlightened. hemisphere; but when, by the 
diurnal rotation of the earth on its axis, it is car- 
ried into the dark COD BER it becomes . 
to thut pfade: mans 

Tie length of the alan hal pinks 3 theres 
00 on the position f 9 Seb "_ _— 
to the axis of ths earth: 

If the poles of the ok be FOG in tho. ter- 
minator, as at e, every parallel will be divided into 
two equal parts; and as the uniform motion of the 
earth causes any given place to describe equal 
parts of its parallel in equal times, the day and the 
night would be equal on every parallel of latitude, 
that is, all over tha globe, except at the poles, 
where the sun would neither rise nor Ws * 

1 continue i in the horizon.” üb Bart 
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But if, as at A and B, the axis be not in the 
plane of the terminator, the terminator will divide 
the equator into two equal parts, but all the cir- 


cles parallel to it into unequal parts; those circles 


that are situated towards the enlightened pole, 
will have a greater part of their circumference in 
the enlightened than in the dark hemisphere; 


while similar parallels towards the other pole will 
have the greater part of their circumference in the 


dark hemisphere. -Whence it follows, that the 
first mentioned parallels will enjoy longer days 
than nights; and the contrary will happen to the 
latter, where the days will be the shortest, and the 


nights the longest; while at the n the nn 


will always be of the same length. 


Having shewn, that the eme i, the 


length of the days and nights are occasioned by 
the position of the terminator with 


| ee ce tho: wt __ 
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n coneidering akin ben you: will find. fur. 
| ther proofs of that prvins wisDom Which pet 
vades all the works of Gon, and see, that no 
other conformation of the system could have given 
such commodious distributions of light and heat, 


SN C to the * 
axis of the earth, I have now only to explain what 
occasions those various positions; which is the 

more important, as on ae * 


—— 
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or imparted. fertility and plepayre to so great r 
of the revolving globe. i 
The changes in the position of the terminator, 
are occasioned, 1. By the inclination of the earth's 
axis to the plane of the ecliptic, or orbit in which 
it moyes. 2. Because through the whole of its 
| annual course, the axis of the earth preserves its 
position, or continues parallel to itself; that i is, if 
a line be conceived as drawn parallel to. the axis, 
' while the earth is in any.one point of its orbit, 
the axis will, in every other position of the earth, 
be parallel to the said line. 

It must be evident to you, that che "eli 
of the Axis must occasion con siderable differences. 
By a bars inspection. of the globes, A, B, Plate 5z 

Fg. I, you will see that when the Ve is in one 
position of its orbit, the north pole will be turned 
towards the sun, but, in the opposite part, will 
be turned from him. But the absence of the sun's 

light produces a proportionable degree of cold; 
hence the seasons are, in the northeru and 
southern parts of the globe, distinctly marked by 
different degrees of heat and cold. It is this an- 

nual turning of the poles towards the sun that 
occasions the very long days in the northern and 
southern parts. It is owing, to the game. cause, 
that the sun seems to rise higher in the heavens 
during summer than in winter; and this alternate 
9 60 ring; is ee a hs. kes 


21 
; 
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11 the axis of the earth were bee den to 
the plane of its orbit, the equator. and the orbit 
(or ecliptic) would coincide; and as the sun is 
always in the plane of the ecliptic, it would 
in this case be always over the equator, as in 
fg 3, and the two poles would be in the termina- 
tor, and there would be no diversity in the days 

and nights, and but one season of the year; but 
as this is not the case, we may fairly infer that the 
axis of the earth i is not Neven to the pins 
em orb 
But if the earth's axis be Fate to the Han 
i of the ecliptic, when the earth is in. the situation 

represented at A, plate 5, fg. 1, the pole N N will 
be towards the sun, and the pole 8 will be turned 
| from it; but just the contrary will bappen, when 
the earth, by going half round the sun, has ar- 
rived at B, the opposite point in its orbit. Hence 
the sun will not always be in the equator, but at 
one time of the year it will appear nearer to one 
of the poles, and at the opposite season it will 
appear nearer to the other. Here then you find 
a cause for the change of the seasons; for, when 
the sun leaves tlie equator and approaches to one 
of the poles, it will be summer on that side of 

the equator, and wheti” the sun depafts from 
ience, and twenty the biker pole, it Will 
de winter. 1 BOG zin 1% Gi e ume garnub 


These ideas is mh be ches nas l and a cleater 


notion obtained of ma; effect produced by the 
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inclination of the earth's axis, by considering 
Ag. 2, plate 5, in which the ellipsis i is supposed to 
represent the earth's orbit, the eye somewhat ele- 
vated above the plane thereof. The earth is here 
represented in the first point of each of the twelve 
signs of the ecliptic, as marked i in the figure, with 
the twelve corresponding months annexed; P, the 
north pole of the globe; Pm, its axis, round 
which the earth performs its diurnal revolution 
from west to east; this axis is exhibited as paral- 
Jel to itself in every part of the orbit; P CE shews 
the angle of its inelination; e, the pole; e d, the 
axis of the Wr a eee to ch E of 
the on. FE” e 
In March, when the earth i isin the first | Bent of 
Libra, the sun appears in the opposite point of the 
ecliptic at Aries. In September, when the earth 
is in the first point of Aries, the sun will be in 
Libra. Ar n times, the "terminator Passes 


Pale into two. gy ward (bee C, g. 179 
consequently, the nocturnal and diurnal aw Hr 
the length of day and night, "will be equal"7n 
yu over the world, 0 © nreb 350: hob 
Conceive the earth to have mov ed from Libra 
0 Capricorn in June, the axis, Pm, preserving its 
parallelism by this. motion, the north pole will 
have” gradually advanced into'the'enlightenedhe- 
misphere; o chat the whole a rthe 8 | 
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will be has, while the southern pole is im- 
merged in obscurity; the northern parts of the 
world will enjoy long days, while they are sbort 
in the southern parts. While the earth is moving 
ſrom Libra through Capricorn to Aries, the north 
pole remains in the illuminated hemisphere, wh 
will therefore have six months continual day. 
But in the other half year, while the earth 5 is 
moving from Aries through Cancer to Libra, the 
north pole is turned from the sun, and therefore 
in darkness, but the south pole is in the illumi- 
nated hemigphere. When the earth i is at Cancer, 
te sun is at Capricorn; at this season the nights 
to us will as much exceed the days, as the days 
| en the Werde when the earth was in the 
" . From. the a: 4 it is eas 4 
7 perceive, that the inhabitants of the southern he- 
mispbere have the same vicissitudes with those of | 
the northern; though not at the same time, it 
being winter in one hemisphere,, when i it is sum | 
nde others, 2 . 
From what has been id, Ou: must have per- 
e that during the course of the earth t 


her wht emer are four 5 N to) be 


iir 


| dns at i 10 55 the sun . | 
ars most e northward and ch. 
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the equinoctial days are those on which be appears | 
in the equator, and the days are en to the 
nights. f 

The annual ooo of the 2 0 occasions 2 
eee change in the declination of the 
sun. Thus, about the 22d of December, when 
the earth is in Cancer, the sun will be over the 
tropic of Capricorn; and consequently, by the 
earth's rotation on its axis, the inbabitants of every 
part of this circle will successively have the sun in 
their zenith, or in other words, he will be vertical | 
to them that day at noon. | 

About the 21st of March, the condi is at Fe 
and the sun will then appear in Aries; a central 
solar ray will terminate upon the surface of the 
earth, in the equator; and therefore the sun ap- 
pears to be carried round in the celestial equator, 
and is e vertical to chene who live FUSE 
that circle. 

About the 218st of {nai whe: the pin is in 
Capricorn, a central solar ray terminates on the 
surface of the earth, in the noribern tropic, and 
for that day the sun appears to be carried round 
in the tropic of Cancer, and is vertical to those 
who live under that circle. About the 22d of 
September, the earth is in Aries, and the sun in 
Libra, and the central solar ray again terminates 
at the equator; consequently, the sun again apf 

pears in the celestial n e n erte to 
those that lye under it. 


1 rem 8 erte 
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"We have seen, that as the sun moves in the 
aeg from the vernal equinox to the tropic of 
Cancer, it gets to the north of the equator, or its 
declination towards our pole increases. There- 
fore, from the vernal equinox, when the days and 


nights are equal, till the sun comes to the tropic 
of Cancer, our days lengthen and our nights 
shorten; but when the sun comes to the tropic of 


Cancer, it is then in its utmost northern limit, 
and returns in the ecliptic to the equator again. 
During this return of the sun, its declination to- 
wards our pole decreases, and consequently the 
days decrease and the nights 1 increase, till the sun 
is arrived in the equator again, and is in the au- 


tumpal equinoctial point, When the days and 


nights will again be equal. As the sun moves 


from thence towards the tropic of Capricorn, it 
gets to the south of the equator; .or its declination 
towards the south pole increases. Therefore, at 
chat time of the year our days sborten and our 
nights lengthen, till the sun arrives at the tropie 
of Capricorn; but when the sun is arrived there, 
it is then at its utmost southern limit, and returns 


in the ecliptic' to the equator again. During this 


return, its distance from our pole lessens, and 
consequently the days will lengthen as the nights 


| $horten, till they bece 
come found to the vernal equinoctial point. 


Our ummer it nearly eight days longer than' the 
winter. By summer is meant here the time that 


equal, when the sun i is 
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: 
passes between the vernal and autumnal equinoxes; 


by winter, the time between the autumnal and ver- 
nal equinoxes. The ecliptic is divided into six 
northern, and six southern signs, and intersects - 


the equator at the first of Aries, and the first of 
Libra. In our summer, the sun's apparent motion 


is through the six northern, and in winter through 
the six southern signs; yet the sun is 186 days, 
11 hours, 51 minutes, in passing through the six 


first; and only 178 days, 17 hours, 58 minutes, 


in passing through the six last. Their difference, 


7 days, 17 hours, 53 minutes, is the length of time 
by which our summer exceeds the winter. 


In plate 6, fig. 1, ABCD represents the earth's 


orbit; S the sun in one of its foci; when the 
earth is at B, the sun appears at H, in the first 


point of Aries; and whilst the earth moves from 
B through C to D, the sun appears to run through 
the six northern signs, from Y through 25. to = 
at F. When the earth is at D, the sun appears at 
F, in the first point of Libra; and as the earth 
moves from D through A to B, the sun appears to 


move through the six southern signs, from = 


amen W to Aries at l. 

Hence the line F H, drawn from the first 15 hs 
of Ae through the sun at 8, to the first point of 
=, divides the eeliptic into two equal parts; but a 
the same line diyides the earth's elliptical orbit 


into two unequal parts. The greater part B CD 
ö is that which the earth describes in the summer, 


* — 


”* 


94 or nE SEASONS or THE YEAR, 


while the sun e in the northern signs. The 


lesser part is D A B, which the earth describes in 
winter, while the sun appears in the southern signs. 


| C, the earth's aphelion, where it moves slowest, is 


in the greater part; A, its perihelion, is in the 
lesser part, where the sun moves fastest. Ke 
There are, therefore, two reasons why our sum- 


mer is longer than our; winter; first, because the | 
sun continues in the northern signs, while the 


earth is describing the greater part of its orbit; 
and secondly, because the sun's apparent motion 


is slower while it appears in the northern sigus, 
| um whilst it appears in the southern ones. 


The sun's apparent diameter is greater in our 
e than in 8snmmer, because the earth is nearer 


to the sun when at A in the winter, than it is 
when at C in the summer. The sun's apparent 


diameter, in winter, is 32 minutes, an ends ; 


in summer, 31 minutes, 40 seconds. 


But if the earth is farther from hes sun in sum- 
mer than in winter, it may be asked, why our 


winters are so much colder than our summers. 
Fo this it may be answered, that our summer is 


hotter than the winter, first, on account of the 


greater height to which the sun rises above our 

Horizon in che summer; secondly, the greater 
length of the days. The sun is much higher at 
ncon in summer than in winter, and consequent- 


ly, as its rays in summer are less oblique than in 
winter, more of them will fall upon the surface of 


| 


i 


1 


OF THE SEASONS OP THE YEAR, 95 


as earth. In the summer, the en are very long, 
and the nights very short; therefore the earth and 

air are heated by the sun in the day- time, more 
than they are cooled in the night; and upon this 
account, the heat will keep increasing in the sum 
mer, and for the same reason will decrease in 
winter, when the nights lengthen. 

I should exceed the limits of this Essay, if I 
were to inquire into the several concurring causes 
of the temperatures that obtain in various climates; 
it may be sufficient, therefore, to observe what * 
remarkable provision is made in the world, and the 
several parts of it, to keep up a perpetual chan ge 
in the degrees of heat and cold. These two are 
antagonists, or, as Lord Bacon calls them, © the 
very hands of nature with which she chiefly work- 
eth; the one expanding, the other contracting 
bodies, so as to maintain an oscillatory motion in 


all their parts; and so serviceable are these changes 


in the natural world, that they are promoted every 
year, every hour, every moment. From the oblique 
position of the ecliptic, the earth continually pre- 
sents a different face to the sun, and never receives 
his rays two days together in the same direction. 
In the day and night, the differences are 80 obvi- 

ous, that they need not be mentioned, though 
| they are most remarkable in those ellinitas where 
the sun at his setting makes the greatest angle 
with the horizon. Every hour of the day, the heat 
varies with the sun's altitude, is altered by the in- 
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f terposition. of clouds, and. the action of winds ; - 
and there is little room to doubt, but what the 
various changes that thus take place, concur in 
producing many of the er ang eker pheno- 
mena of nature. 
Be this however. as it may, it is ; certain that the 
various irregularities and intemperature of the ele- 
ments, which seem to destroy nature in one sea- 
son, serve to revive it in another: the immoderate 
heats of summer, and the excessive cold of winter, 
prepare the beauties of the spring, and the rich 
fruits of autumn. These vicissitudes, which seem 
to superficial minds the effects of a ſortuitous con- 
course of irregular causes, are regulated accord- 
ing to weight and measure by that SOVEREIGN 
 w18DoOM, who weighs the earth as a den of Sand, 
; Ihe Sea 4s a ae of water. 


Hs ou! 
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80 dere dy W that the, daily motion. of 
tho sun from east to west, is not a real, but an ap- 
parent one, which is owing to the rotation of the 
earth round its axis. Now if the sun had no other 
motion but this apparent one, it would seem to go 
once round the earth, in the time of one complete 

| rotation, or in 23 hours, 56 minutes; which i is the 
case with any of the fixed stars, and is therefore 
the length of a s/derial day. But the sun is found | 

to take up a longer time to complete its apparent 


* 


1 
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revolution; for if it is in the south of any particu- 
lar place at twelve o'clock at noon to- day, it will 
not coniplete an apparent revolution, SO as to re- 
turn to the south of that place again, till twelve 
o'clock at noon on the next day; and consequently 
the time of this eee TON IS Wes 
hours. e 100 899199 4b OL $3.1 
Let us endeavour to 3 this oubject ! f 
wv defining in other cpa the nature e of the Solar 
and siderial day. e en e 20 DET 121 
The solar day i is'that que of 1 time e ü 
venes between the sun's departing from any one 


meridian, and its return tô the same circle again; 


which space is also called a natural day; or it is 


the time enen of one ee noon of | 


the next; {0:95 177 v3 Gow 2 

The Siderial al is the space of time which rags 
pens between the departure of a star n and! its 
return to the same meridian again. t e. 

I am now to shew why these Pee differ in 
length, or why the time, that the sun takes up to 
complete one revolution, is longer than wand time 
the earth takes to revolve once upon its axis. 

This difference arises from the sun's annual mo- 
tion. For the sun does not continue always in the 
same place in the heaven, as the fixed stars do: 
but if it is seen at M, plate 4, fg. 2, one day; near 
the fixed star R, it will have shifted its place the 
next day, and will be near to some other fixed star 


1 
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L. This motion of the sun is from west to east, 
and one entire revolution is completed in a year. 


Suppose, therefore, that the sun, when it is at M, 


near to the fixed star R, appears in the south of 
any particular place 8; and then imagine the 


earth to turn once round upon its axis from west 


to east, or in the direction of S T VW, so that 
tbe place may be returned to the same situation; 


aſter this rotation is completed, the star R will be 
in the south of the place as before; but the sun 
baying, in the mean time, moved eastwards, and 
being near to the star L, or te the east of R, will 


not be in the south of the place 8m, but to the east- 

ward of it: upon this account, the place 8 must 
move on a little farther, and must come to T be- 
fore it will be even with the sun again, or e 


8 Will appear exactly in the south. 


This may be illustrated by an iovt9vee.. The 
two hands of a watch are close together, or even 
with one another at twelve; they both turn round 


| 5 the same way, but the minute hand turus round 
in a shorter time than the hour hand; when the 


minute hand has completed one rotation, and is 
come round to twelve, the hour hand will be be- 
fore it, or will be at one: so that the minute hand 


must move more than once round, in order to 
avertake the hour hand, and be even with it again. 


As this subject is of some importance, we shall 
endeavaur to render it more clear, by placing it 
in a different point of view: the more so, as it may 


* 
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accustom the young pupil to reason on both hy- 
potheses, Ne 8 motion ol the sun, and hn 
ol the earth. 
The Gianna of the earth's WY is ok a phy: 
sical point in proportion to the distance of the 
stars; for which reason, and the earth's uniform 
motion on its axis, any given meridian will revolve 
from any star to the same star again, in every ab- 
solute turn of the earth upon its axis, without the 
least perceptible difference of time en abe un ay 


— a clock which goes exactly true. 


If the earth had only a diurnal, ads an an- 
nual motion, any given meridian would revolve 
from the sun to the sun again, in the same quan- 
tity of time as from any star to the same star again; 
because the sun would never change his place 
with respeet to the stars. But as the earth ad- 
vances almdst a degree eastw-urd in its orbit, in the 
time that it turns eastward round its axis, whatever 
star passes over the meridiam dn any day with the 
sun, will pass over the sae meridian on the next 
day, when the sun is ahnost a degree short of it, 
that is 3 min. 56 seconds sooner. If the year con- 
tained only 260 days, the sun''s apparent place; 80 | 
far as his motion is equable, would change a de- 
gree every day; and then the sidertal days TT 


_ ve! just four minutes shorter than the slr. 


Let ABC DEF GH, plate 4, fig! 8, che 
earth's orbit, in which it goes round the Wn 
( 2 nie 


1 * 
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year, '2 n to the order of the letters, chat is, 
from west to east, and turns round its axis the 
same way, from the sun to the sun again in every 
twenty-four hours. Let 8 be the sun, and Ra fix- 
ed star, at such an immense distance, that the dia- 
meter G C of; the earth's, orbit bears no sensible 
proportion to that distance; N mn the earth in 
difforent points of ats orbit. Let Nm be any par- 
ticular meridian of the earth, and. Na given point, 
or place, lying under that meridian. 10% 7 57 
- When the earth is at A, the sun 8 hides the 5 
R, which would always be hid if the earth never 
moved from A; and gonsequently as the earth 
turns round its axis, the point N would always 
come: round: to the sun and the star ih; the. same 
; time. eg %EFEFEE 64-044 .42080590 
But; ben the earth has 1 en an 
eighth part of its orbit, or from A to B, its. motion 
round its axis will bring the point N an eighth part 
of a day, Or three hours, sooner to the Star than 
in the same time as though the earth had continued 
in its former situation at A, but the point N must 
revolve from N to n, before it can have the sun 
upon its meridian. The are Nn being therefore 
the same part of a whole circle, as the are A B, it 


is plain that any star which comes to the meridian 


at noon, with the sun, when the earth is at A, will 


come to it at nine o 'elock i in the gen, when 
the earth is at 8B. | ö 
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When the earth has passed from A to C, one- 
fourth part of its orbit, the point N will have the 


star upon its meridian, or at six in the morning, 


six hours sooner than it comes round to the sun; 
but the point N must revolve six hours more before 
it has mid-day by the sun: for now the angle 
' ASC is a right angle, and so is N Dn ; that is, 
the earth has advanced go degrees on its axis, to 


: carry the point N from the star to the sun; for, | 


the star always comes to the meridian when N m is 
parallel to RS A; because C'S is but a point in 
respect to RS. When the earth is at D, the star 
comes to the meridian at three in the morning; at 


E, the earth having gone half round its orbit, N 


points to the star at midnight, it being then directly 
opposite to the sun; and, therefore, by the earth's 
diurnal motion, the star comes to the.. meridian 
twelve hours before the sun, and then goes on, till 
at A it comes to the meridian with the sun again. 
Thus it is plain, that one absolute revolution of 
the earth on its axis (which is always completed 


when any particular star comes to be parallel to its 
situation at any time of the day before) never 
brings the same meridian round from the sun to 
the sun again; but that the earth requires as much 
more than one turn on its axis, to finish a natural 


day, as it has gone forward in that time, which at 
a mean state, is a 365th part of a circle.” 
From hence we obtain a method of knowing by 


dee stars, whether a clock goes true or not. For 


— 
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If through a small hole in a nm or in 
g thin plate of metal. fixed to vida, we ob- 
serve at what time any star disappears behind a 
chimney, or corner of a dae at a little distance; 
and if the same star disappears the next. night, 3 
min, 56 seconds sdoner by the clock; and on the 
second, 7 min. 52 seconds sooner; the third night, 
11 min. 48 seconds sooner, and 80 on eyery night; | 
it is an infallible sign that the machine goes true; 
otherwise jt does not, and must be regulated ac- 
cordingly. This method may 5 CODER on to 
| "ry Na a Oe | 
AN EXPLANATION or THE: FHEXOMENA wHren 
"ARISE FROM THE MOTION OF THE EARTH, 
| AND OF THE INFERIOR PLAYETS, MERCURY 
NP. VENUS, 1 | 1 if Lf 5 
| . will be necessary in eee to e erb | 
Poly some words which have been slightly ex- 
| before, and recall the reader's attention to 
; some definitions that have been already given; 
andd it is presumed, that these repetitions will not 
be an object of complaint, because they will an- 
Wer, the beneficial purpose of grounding the 
reader more firmly in the knowledge of the science, 
10 which this Essay is intended as an introduction. 
When two planets are seen together in the same 
sign of the zodiac, and equally advanced therein, 
they are said to be in canfunction. But when they 
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are in opposite signs of the zodiac, they are said 
to be in opposition. Thus aà planet is said to be in 

opposition to the sun, when the earth is Wanner 
the sun and the planet. W 7 
The elongation of a planet is its apparent dis- 
tance from the sun. When a planet is in con- 
junction with the sun, it has no elongation; when 
in opposition, its elongation i is 180 degrees. 
Tlle noues of a planes orbit are those two points 
where the orbit cuts che plane of the eeliptic. I 
| before observed, that the orbits of all the planets 
arè inelined to the plane of the ecliptic, and conse- 
quently cross this plane. In plate 3, fg. 3, AB 
CD is the plane of the ecliptic; E BF D is the 
orbit of a planet, in which the points B ag D are 
the two nodes. | | 

The line of the andes i is a {50k B D, 3 to 
be drawn through the sun from one node to the 
other. The limits M a planet's orbit are two points 
in the middle between the two' nodes. The point 
E is called the greatest northern —_ P the n 
5 got southern limit. 
The greatest distance of the dns or of ary 
planet from the sun, is called its aphelion, or hicher | 
apsis; its laat distance is —_— = N 
© lower e 39 [ 
Thus in al 8, r 45 A is the place off the 

apbelion, P that of the perihelion, 0 
I be axis, PA; Ig, 4; of any e | 
called the line of the apsides: the extreme points 
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ol its s Shortest diameter T V are the places of its 
mean distance from the yn, and. 8 T, or 8 V, the 
line of its mean digganeecr ds as pd) 07 e 
When a planet moves 3 to the ke of 
the signs, its motion is 8a1d to be direct, or in con- 
Sequentid ; but when, its motion is contrary to the 
order of the sigus, it is id bene e or * 
antecedentia. > 500 | 
The place in the ata £9 Ss that Fe et 
appears in, when seen from the center of the earth, 
is called its geocentric place. The place where it 
would be seen in the celestial sphere, by an ob- 
server suppposed to bed in Wes 1 i La belies 
x n Prager „ 2 909i offs 16.1 


or THE CONJUNCTIONS AND BLONGATIONS on 
THE INFERIOR PLANETS VENUS AND N 
cunf. as OE TY 


— 


There ; are two. = ns 8 FR nokia an 
W planet will appear in conjunction with the 
sun; one when the planet is between the gun and 

the earth, and the other when the sun is between 
the earth and the planet. Let A, plate 6. Ig. 24 
be the earth in its orbit, E the place of Venus in 
bet orbit EH G, S the sun, FVPQR TD. an 
arg i in the starry heayens. In this situation the 
un and Venus are on the same side of the earth, 
and will appear in the same point of the heayens, 
59 as tQ be in neee If the — at bike 


* * 


* 
* 
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and Venus: at G;: bop» well "__ en to bes in 


conjunction. 
If the earth is at ad 3 sun at 185 hu 1 at 


E, nearer to the earth than the sun, it is called its 


os 


inferior conjunction. But if the earth is at A, and 
the planet at G, farther from the earth than the 
sun, this is called the e N e of the 


planet. li N 4 * 13 


If an inferior planet i is at E, ah eanh at TY and 
hag at 8, the elongation is nothing, the planet 
being then in its inferior conjunction. As the 
planet moves from E to y, its-elongation in- 
creases ; for When it is at y, it appears in the line 
Ay P, while the sun appears in the line AS . 
So that PA Q will be its elongation. When the 


| planet i is arrived at x, it appears in the line A x V, 


which is a tangent to its orbit; and then its elon- 
gation is V A Q, which is the greatest that can be 


on that side the sun; for after this, the elongation 


deereases. When the planet is at K, its elonga- 
tion is PA Q; when at G, it is nothing, because 
it is then in its superior conjunction; das the planet 
moves on from G, its elongation again increases; 
for when it comes to C it appears in the line AC 


R., and its elongation is RA G. When the planet 


comes to H a line drawn from the garth through 


due planet is a tangent to the orbit, and the eloꝶ 


gation is PA Q, the greatest it can baye when it 
is on the other side of ae $ 1 aſter his, ln 
Sete ain, decreases. sls ei omar off 


£\ 


Venus is never seen in opposition. There 


* 1 
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Hence it is clear, that the inferior planets can 
never appear far from the sun, but must always 
accompany it in its apparent motion through the 
ecliptic. When we see either Venus or Mercury, 
it is either in the evening in the west, soon after 
the sun has set; or in a morning, a little before 
the sun rises. Venus is indeed bright enough 
sometimes to be seen in the day time, but then 
She is never far from the sun. The greatest elon- 
_ gation 1k piſs e ee about 
33 degrees. ' 
If the e is at A plats 6, fe: 2 1 Vene 
appears in any part of the are Ex G, she is west- 
ward from the sun, and therefore rises before him 
in the morning, and is called the morning Star. 
When she appears any where in the are G H E, 
she is eastward from the sun, and therefore sets 
alter 1 is seen in the nen wad is e mg 
From 050 ene 0 of 650 inferior 18 | 
_ nets, we derive an argument to prove the falsity of 
che Ptolemaic system. If the earth was within the 
orbit of Venus, as the Ptolemaic system supposes, 
she might be sometimes on one side of the eartb, 
Whilst the sun is on the opposite side; or Venus 
might be sometimes in opposition to the sun; but 
ore the 
_ earth'is on the outside of the orbit of Venus, and 
eonsequently the Ptolemaic system is not true. 
] be same is also true of Mercury, But this, and 


4 
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some other | cireumstances relative toe the mo- 
tions of these planets, will be better ere e by 
4 planetariom il than 155 a e PI PUSH 9H 


OF THE RETROGRADE, DIRECT, AND STATION= 
| ARY MOTIONS OF VENUS AND MERCURY. 5 


I. is easy to * thess 8 the co- 
perniean system, it being the natural result of the 
respective situations and motions of the earth and 
| thege planets, But on the Ptolemaic system they 
are inexplicable, without calling in _ wo 10 4 

very complicated hypothesis. 

When the inferior planets are passing gon chelr 
greatest elongation, on one side ef the sun, 
through their superior conjunction; to their greatest 
elongation on the other side, their motion, as 
viewed from the earth, is direct. In order to ex- 
plain this proposition, we shall first suppose the 
earth to be at rest at A, plate 6, Hr. 2 and cor- 
rect this supposition afterwards, by shewing* that 
the apparent motion of Venus, or Mercury, scen 
from the earth, is the same in this respeet, whoter 
the earth moves in its orbit, or rests at M,... 

The proposition to be explained is this; that as 
Venis, for instance, moves from x, its greatest 
elongation on one side of the sun, through G its: 
superior conjunction, to H, its greatest elongution 
on the other side, it will appear to a speetator upon f 
the earth, to move from west to east uecorditig to 
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the N of the er that is, its ante mo- 
tion will be direet. 

The planets move end the: sun eum west to 
east, and consequently if there was a spectator 
at the sun, they would appear to him to move 

thiough the zodiac, according to the order of the 
Signs; or in other words, the heliocentric motion 
of Venus is direct. Now if the sun 8, and the earth 
A are both on the same side of the planet, a spec- 
- tator at the earth is in the same situation, with 
respect to the planet and its motion, as if he had 
been at the sun: for whilst the planet is moving 
ſrom x, through G, to H, a spectator either at A 
or & is on the concave side of the planet's orbit; 
and consequently the planet will appear to move in 
the same manner ſrom either: but the apparent 
motion of the planet, when seen from the sun, is 
direct, and consequently its een when seen „ 
from the earth, will also be direct. E 
For when Venus is at x, it appears to a qpects 


5 tor on the earth at A, to be in the line A x V, or is 


sen among the stars at V; when Venus has moved 
to; K, it is seen among the ſixed stars at P; when 
it has moyed to G, it is in its superior conjunc- - 
tion; when it has moved to C, it appears among 
the fixed stars at R; and when it is come to H, it 

appears among the fixed stars at T. Thus whilst 
Venus has moved in its orbit from x, its greatest 
elongation on one side of the sun, through G its 
superior conjunction, t0 Hi its ym” elongation | 


- 
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on the other side, it appears to have described the 
are VPQRT in the concave sphere of the hea- 
vens; but the letters x K G C H lie from west to 
east, because they lie in the same direction that 
the planet moves round the sun; and the letters 
V 3 R lie in the same direction with X X GC 
H. Therefore, as the planet seems to a spectator 
on the earth, to describe the are VP MART, its ap - 
parent motion, seen kla. the ae is die or 
— west to cast. 70 ont 1907 G56: 
The second propgsitian is: Ne 0 bas while <6 
1 planets move from their greatest elonga- 
tion on one side of the sun, through their inferior 
conjunction, to their greatest elongation on the 
other side, their geocentrio motion is retrograde. 
Ia other words, whilst Veuus is moving from its 
greatest elongation I, Plate 6, ½g 2, through its 
inferior conjunction, E, to its other greatest elon - 
gation x, it appears to a spectator upon the earth 
at A, to move backwards, or from east to wWest, 
contrary. to thb order of the signs. 
A speetator at the sun is on the concave. side of 
the planet's orbit, viewing it from withinside. But 
whilst Venus is moving from its greatest elongation 
H. on one side, through E its inferior conjunction, 
to X its greatest elongation on the other side, a 
spectator upon the earth is on the convex vide of 
its orbit, viewing it from without. | 
Therefore, if a spectator at the sun 8 1 see 
the planet move one way, a Spectator : at the carth 
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A will see it move the contrary way; or the geo- 
centric motion will be contrary to its heliocentric 
motion, and therefore retrograde ; for as seen from 

the sun, its motion is always direct. 
That two spectators, one at the earth, . ther 
at the sun, as they are on the contrary sides of the 
are H E x, will see the planet apparently move 
contrary ways, may be rendered more plain by 
the following familiar consideration. If two men 
Stand with their faces towards each other; and a 

ball is rolled along upon the ground, this ball wil! 
move from the right hand of one of the men to- 
wards his leſt, and from the left hand of che other 
towards his right. In like manner, if one man is 
at the garth A, and the other at the sun 8, chen 
whilst:the planet is desoribing the are He x Which 
is between them, it will appear to move from the 
right hand of the man at 8 towards his left, and 
cn the left hand of che man at A towards his 
right. 63 Jeet. e NAH. Gl. th 36 
'Whilst the motion of Venus is direct; or ae 
it is describing the are x GH, it appears to move 
Hom V to T, among the fixed stars. But after it 
has been carried in its orbit from H to z. it ap- 
pears in the line A 2 R. and is seen among the 
xo stars at R. When it comes to E, it appears 
at Qt and when at y, its apparent place in the 
beavens is at P. Thus as the planet passes from 
its greatest elongation H on one side of the sun, 
chrough its inferior conjunction E, to its greatest 
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a x on the other 22 it apparently runs 
back from T to V, or its motion is retrograde. 
Our third proposition is, that Venus is stati- 
onary, or has no apparent motion for some time, 
When it is at its greatest elongation; that is, when 
Ft is at N or x, a its aprons place is either at 
Þ OF: Nie rig 4 (1 * 
When either of 5 labs planets, ns this | 
instance, is at its greatest elongation H or x, a 
line drawn from the earth through the planet, as 
AH, or A x Vis a tangent to the orbit. Now 
though à right line touches a cirele but in one 


point, yet some part of the circle greater than Aa 


point is so near to the tangent, as not to be dis- 
tinguished from it. Thus the are bd so nearly 
eoineides with the tangent A H T, that a specta- 
tor's eye placed at A, could not distinguish the 
tangent from this part of the curve. Congequent- 
ly, while the planet is desoribing this are, no other 
change will be made in its en Ons. than if 
it was to move in the tangent. y 
But the geocentrio place of the. Slaves wa 
not be altered, if the planet was to move in the 
tangent. For if it was to moye from T towards 


As, or from A to, the apparent place of it in the _ 


heavens would in one case be at T, in the other 
case at V. Therefore, while the planet is at its 
greatest elongation, and is describing a small arc 

in its orbit, that nearly coincides with the tangent, 
its geocentric place does not alter, but it appears to 
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continue for Some fine in ang Same- part 75 the heavens | 
or is 's/atignary, r: 45 5 
I have Meat the earth to 15 at rest, 
and upon that supposition have explained: the pro- 
gress aud regress, the conjunetions and stations of 
the inferior planets. If this supposition was trueꝰ 
VT, or the arc which the planet at any time de- 
scribes in, its progress, and T V, the are which it 
describes! in its regress, Would always be in the 
same part of the heavens! The planet; when in 
conjunction; would always appear at Q among the 
same fixed stars, and at its elongation; or when 
it is stationary, it would always appear among the 
same fixed stars at NOH one vide N en mo 
& Von theothers vil ev Toa nod ee 
But this supposition is not true; for men 
revolves in its orbit A BO round'the s, Now | 
if the earth is at A, at the time of either conjune- 
tion, the planet at this conjunction! would appear 
among the fixed stars at Ag ard the ares of the 
greatest elongation AV and & T, would be on 
each side of those stars. But if the earth is at B, 
at the time of either of thè conjunctions, then, at 
the time of this conjunction the planet will appear 
in the line BST, and be seen among the fixed 
stars at T, and the ares of the greatest elongation 
will be on each side of these stars; that is, the 
 conjunctions and elongations will happen ina a dif- 
ferent part of the heayens, when the earth is at B, 
from ut * — when the earth is at * 


4 * * 8 2 
** * * 7 2 
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In other respects, the foregoing phenomena will 


be much the same, notwithstanding the motion of 
the earth, only the planet will be more direct in 
the farthest 8 . the _ wet: vow" "Re 
in the nearest. ez 
The inferior e ad n ß; near the 
sun; but by the motion of the earth in its orbit; 


the sun appears in different parts of the Walen i 
in different times of the year. | Therefore the in- 
ferior planets, as they are always very near the 


sun, will also appear in different parts of the hea- 


yens, at different times of the year. And conse- 


quently their conjunctions and greatest elongations 
will sometimes happen when they are in one part 


of the heavens, and sometimes when they are, in 


another part. Venus, seen from the earth, will 


appear to vibrate in an are VT, half of which is 
on one side of the ieee You and need | 


on the other side. E es 9; 
When an inferior plat addicts 4 supe- 


rior, moves apparently retrograde, the on wines 15 


planet has also an apparently retrograde motion. 


When a superior planet, viewed from at infe= 
rior, appears stationary, the inferior planet viewed 
at the same time n 11 eee is also sta- 


dongry. 85 HW 6) EV 1 vs 1416 $f13 2 31 1458 e 4 i 
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That che planets are all opike 'of dirk bodies, 
_ ang — 8 wt * My re- 


To, / 
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. 


114 or THE PHASES OF VENUS. 
| 8 
ceive from the sun, is plain, because they are not 
visible when they are in such parts of their orbits 
as are between the sun and earth, that _ nen, | 
their illuminated side is turned from us. | 
The sun enlightens only half a . Oe! | 
the illuminated hemisphere is always that which is 
turned towards the gone the other hemisphere: of 
the planet is dark! / To speak with accuracy, the 
sun, being larger Sia any of the planets, will il- 
luminate rather more than half; but this diffe- 
renee, on aceount of the great distance of the sun 
from any of che planets, is so small, that its light 
may be considered as pet to them eh lines 4 
physically parallel, 430 
„Uke other opake bodies, . cast a bee 
behind them, which is always opposite to the sun. 
The line in the planet's body, which distinguishes 
the lucid from the obseure part, appears sometimes 
straight, sometimes crooked. The convex part of 
the curve is sometimes towards the splendid, and 
the concave towards that which is obscure, and 
"vice. versa, according to the situation of the eye 
with respect to the ee and of the sun which 
e eee planet. | PHE EBIT MON - 
Hence the inferior ds going Re thei sun 
in less orbits than our earth does, will sometimes 
bave more, sometimes less of their illuminated side 
| towards us; and as it is the illuminated part only 
which is visible to us, Mercury and Venus will, 
; "Hugh MPT with ope, exhibit; the several ap- 
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pearances of the moon, from 4 fine thin crescent - 
to the enlightened hemisphere: | 
If wei! view Venus through a cb hon 
* follows, the sun s rays on the eastern side, and 
appears above the borizon after sun+5et, we shall 
see her appear nearly round, and but small; she is 
at chat time heyond the gun, and presents to us 
an enlightened hemisphere As she departs from 
che sun towärtis the east, she augments in her 
apparent sige and on, viezving her through a te- 
lescope, is seen; to alter het figure, abating of her 
apparent roundness; and appearing successively 
like the, moon in the different stages of her de- 
corease. At length, when she is at, | her greatest x, 
elongstion; she is like the moon in her first quar- 
ter, and appears as she does; when from a full, 
| the has(decrensed to.a helf moon. / 
After this, as she approaches (in e to 
che sun, she appears cngave in her illuminated 
part; as the moon when she forms a crescent; thus 
she continues, tillishe is hid entirely in the sun's 
rays, and presents to us ber whole dark bemis- 
phere; as the moon does in her eee 6 
r being then visible. 1 
MWben she departs out. of the sun's 12 on the 
. we see her in the morning just be- 
fore day-break. It is in this Situation, that Venus 
is called the morning iat, as in the other she is 
caled he 3 watt aa at we time appears 
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| very Beatitiful; like a Abe thin! erexcent:"ju a 
verge of silver light is seen on her edge. From 
this period she grows more and more efilightened 
every day, till she is arrived at her greatest di- 
gression or elongation, when the again appears as 
a half moon, or as the mobn in her first quarter: 
from this time, if continued to be viewed with a 
telescope, she i is found to be more and/more en- 
lightened, though she is all the while decreasing 
in magnitude; and thus continues growing smaller 
and rounder,” till she . bid or lost in the 
Suti's rays.” * gn ss 2% inner nen 4 8 
Plale 8, fg. 1, represents the orbits! of Venus 
and the earth, With che sun in the eenter of them. 
The planet Venus is drawn in eight different * 
tüntions, with its illuminated hem owards 
the sun. If we suppose the earth to be at T, 5 
Venus is at A, her dark hemisphere is towards 
. the earth, and the is therefore inivisible;\excopt the 
conjunction” happens in her "node; for then she 
appears like 4 dark spot upon the dise of che sun. 
When Venus is at B, a little of ber enlightened 
side is turned towards che earth, and therefore she 
appears sharp-horned; hen she is at C, half ber 
enlightened” hemisphere is turned towards the 
_ earth; and She appears like a balf moon; at D, 
more than half her enlightened hemisphere is to- 
wards us, and she appears like the moon about 
three days before it is full; at E, the whole en- 
üghtened hemisphere is towards the earth, Venus 


* 


OF THE: CHASE OF VENUS. 517 


is then either behind 'the.'s sun, or so very near 
him, that she can handly be seen; but if she 
could, sbe would appear round, like the full moon. 


At F she is like the moon three days after the full; 


at & like a half moon again; at H like a crescent, 
with the points of the horn turned the contrary 


way to what they were at B. All thisjs * 2 | 


pliable to Mercury, 5h 
Plate 8, fig. 2, exhibis the Adv n 


ances of Venus, corresponding to her several RT 


ations in the foregoing figure; thus when Venus 
is at A, Fg. 1, she is quite dark, as at A, Ag. 2; 
when she is at m_—_ 1! mn appears as at B, 
e. 2, &œ r Ar un N 

The inferior e A not makin, 1 "has - 
weyare fall thus Venus does not appear brightest 


in her superior eonjunetien, though her illumi-/ 
nated hemisphere be then turned towards us,” 


Her splendor is more diminished by her being at 


a greater distance from us, than the cohspicuous 
part of her illuminated disc is increased. Dr. 


ou has shewn, that Venus is ee when 


er elongation from the sun is about 40. Mer». 


= is in his greatest e en "ry near: 
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2 have already observed that the greatest elon- 


a gation of either of the inferior planets is less than 
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9055 or a quarter of weil: 1 80 that they are aver 5 
far from the sun, but oonstantly attend it. But 
the superior planets do not always accompany the 
sun, as I baye shewn that the inferior ones do; 
they are, indeed, sometimes in conjunction with 
it, but then they are alsp/ gametimes in eee, 
Li or 180? from * a ee, en 

Let 8, late 6, B. 8, be the munen the. | 
orbit of any superior planet, Mars, for instance; 
E Fd, the earth's orbit. If the earth be at E, 
the sun at 8, and the planet at D, the sun and 
the planet will be both on the same side ef the 
earth; and consequently the planet will appear in 
conjunction with the sun. But, as the orbit of the 
earth is between the sun and the orbit gf the su- 
perior planet, it is possible for the earth to be 
between the sun and the planet, and consequen tly 
for the planet and the sun to be on apposite sides 
of the earth, qr the planet to be in opposition; 
thus if, when the earth is at E, Mars be at A, he 
is then in oppocition tothe zungen g to, aver 

A superior planet is in eee with the sun; 
when its geocentrie place” is 90 from the geocen- 
- tric place of the sun. If the earth be at E, and 
Mars at B or C, he i is in quadrature with the sun; 


707 the lines AE, E B, form a $9 angle,” as wal 
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OF THE DIRECT: S on kane, AND RETRO- 
GRADE MOTION or THE : SUPERIOR PLANETS. 


As the) YI goes + bene a sun in wy time, 
and in a less orbit than any of the superior planets, 
it will not be amiss to suppose a superior planet to 
stand still in some part of its orbit, while the earth 
goes once round the sun in ber's, and consider 
the appearances the planets would then have, 
which are these: 1. While the earth is in her 
most distant semicircle,” the apparent motion f 
the planet would be direct. 2. While the earth 
is in her nearest semicirele, the planet would be 
retrograde. 3. While the earth is near the points 
of contact of a line drayn from the planet, 80 as 
to be a tangent to the e e the _ - 
would be s/ationary. © © A 
Io illustrate this, let ABCD D EF H d. blow 7 
fig. 1, be the orbit of the earth; 8, the sun; P 
VO, the orbit of Mars; LM NT, an are of the 
ecliptio. Let us now suppose the planet Mars to 
continue at P, while the earth goes round in her 
orbit, according to che order of the letters; & BC; 
K. ABC DEFHG may be considered as s 
many stations, from whence an inhabitant of the 
earth would yiew Mars at different times of the 
year; and if straight lines be drawn from each of 
err neee __ _ at P, ge by? Go: 
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nued to the ecliptic, they will point out the appar 
rent places of Mars at these different Stations, 
Thus, supposing the earth at A, the planet will | 
be seen among the stars at L; when the earth is 
arrived at B, the planet will appear at M; and in 
the same manner when at C, D, and E, it will be 
Seen among the stars at N, R, T; therefore, while 
the earth moves oyer the large part of the orbit 
AB CP E, the planet will have an apparent mo- 
tion from L to T, and this motion is from west to 
east, ar the same way with the earth; and the 
planet is said to move, direct, or nen to bs. | 
order of the signs. e 
When the earth is near to be E, =" <a 
of contact of the tangent to the earth's orbit, the 
planet will be stationary for. a short space of time. 
W ben the earth moves from E to H, the planet 
geems to return from T to N; but while it moves 
from H to A, it will appear to move in a contrary 
direction, and thus be retrograde from N to L, 
where. it-will- again be gtaltionury: and, since the 
part af the orbit which the earth descrihes in pass- 
ing from A to E is much greater than the part 
EHP, hough the spare T L Which the planet 
deseribes in direct and retrograde motion is the 
game, the direct motion from Leto T must be 
much slower than the retrograte motion from 
to, L. 5 ken awarh od ail adgioge 1 bus ier 
When dbe eth ls 5: C f line drawn from - 
through £ 8 and P to the eeliptic, shews that Mate 
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is then in conjunction with the sun. But when 
the earth is at H, a line drawn from H through P, 
and continued to the ecliptic; would terminate in 
a point opposite to S; therefore; in this situation 
Mars would be in opposition to the sun. Thus it 
appears that the motion of Mars is direct when in 
conjunction, and retrograde when in opposition. 
The retrograde motions of the superior planets 
happen oftener, the slower their motions are; as 
the retrograde motions of the inferior planets hap- 
pen oftener, the swifter their angular motions: 

Because the retrograde motions of the superior 


planets depend upon the motions of the earth; but 


| those-of the inferior, on their own angular motion. 


A superior one is retrograde once in each revolu- 


tion of een an inferior one in ue revolu- 
tion off its Ay + Anger nig di o. 4157 


= 


- OTHER PHENOMENA OF THE SUPERIOR" 
5 PLANETS. 22855 


The superior planets are sometimes nearer this 
on than at other times; they also appear larger, 


or smaller, according to their different distances 
from us. Thus, suppose the earth to be at C, if 
Mars be at P, he. is che whole diameter of the 


earth's orbit nearer to us, than if he were rat V; 
and consequetitly. his disc musthappear larger at V 
than it would, be at. P.. eee ee ee 
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- The diameter of the earth's orbit bears a greater 


ratio to the diameter of the orbit of Mars, than it 


does to the diameter of the orbit of Jupiter; and 


a greater to that of Jupiter than of Saturn; conse- 
quently the difference between the greatest and 


least apparent diameters is greater in Mars than in 


Jupiter; and greater in Jupiter, than in Saturn. 


The superior, like the inferior planets, do not 
always appear in the eoliptic, their orbits being 5 
inclined also to that of the earth; one half is 
therefore above the ecliptic, the other half below 
it; mer ever seen in it hoy: den eee | 
in their nodes. 1109-01 

They also move in an eas bey! are some- 
times nearer to, and sometimes further from the 
earth. Their apparent diameter varies — 
to . ann in | their distance. © 1 

. 
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It has e e e u of the 
primary planets, the Barth, Jupiter, Saturn, and 
the Georgium Sidus, are, in their revolutiong 
e sun, attended by senondary planet? 
As the moon turns round the earth, enlighten- 
ing our night, by reflectin g the light she receives 


from the sun, ea da the ather satellites enlighten 


the planets to which they belong, and move round - 


2 
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_ tioned to their several distances; code the moon 
keeps company with this earth, in its annual revo- 
lution round the sun, so do they severally aceom- 
pany the planets to which they n n their se- 
veral courses round that luminar. 

Thall speak here first of the moon, which of al 
ths heayenly* bodies, excepting the sun, is the 
most splendid and brilliant, the inseparable com- 
panion and attendant of our earth. In mythology 
she was considered as Luna, in the heavens the 
radiant planet of the night, upon earth as the 
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If we imagine the plane of the moon's orbit to 


be extended to the sphere of the heaven, it would 
mark therein a great circle, which may be called d 
the moon's apparent orbit; because the moon ap- 
pears to the inhabitants of the earth to move in 
that cirele, through-the twelvesigns' of the zodiac, 
| dical month. This position is illustrated 
by the following Mg let EFG HI, plate g, 


fo. 3, he the orbit of the earth; S the sun, abe d 
the orbit of the moon; when the earth is at; E let 


ABCD be a great circle in the sphere of the 
heaven, in the same plane with the moon's orbit 


The moon, by going round her orbit according 


to he order of letters, appear: io an. inkabitaatfbf 
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the earth to go round in the great circle A BC D, 
according to the order of those letters: for when 
the moon is at a, seen from the earth at E, she 
appears at A; when the moon is got to b, she ap- 
pears at B; when to c, she will appear at C; 
when arrived at d, she will appear at D. It is true, 


when the moon is at b, the visual line drawn from 


E, through the moon, terminates in L; as it does 
in M, when the moon is at d; but the lines L M 
and D B being parallel, and not farther distant 
from each other than the distance of the earth's 
| orbit; are as to sense coincident, their distance 


measured in the sphere of the heaven being insen- 


sible: for the same reason, though the earth 1 moves 
from E to F, in the time that the moon goes 
round her orbit, so that at the end of a periodical 
month the moon will be at a, and is seen from the 
earth at F, in the line FN; the moon will, not- 
withstanding, appear at A, the lines FN and E A 
being parallel, and as to sense coincident: in like 
manner, in whatever part of her orbit the earth is, 
as at H or I, the moon, by going round in her or- 
bit, will appear to an inhabitant of een to go 


5 round in ſhe great cirole ABCD. vd 


The plane of the:moon's orbit ebene 
_ heaveir's; cuts the ecliptic in two opposite points. 
The two points where the maon's; apparent or- 
bit abus cuts the ecliptic, are called the moon 
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ecliptic, as- de goes into north latitude; is led 
the moon's ascending node, of which this is the 
character &; the point where the moon goes iiito 
south latitude is her descending node, and is 
marked thus ; the moon's ascending node is 
often called the e nn, her descending 
node the dragon's tail. 410.206 adiiozh 03 
The ine ile moon e is 2 ie drawn from 
one node to the other! 
The extremities of ee of the aac not 
always directed towards the same points of the 
ecliptie, but continually shift their places from 
east to west, or contrary to the order of the signs, 
performing an entirè revolution about the earth, 
in the space of something less than nineteen years. 
The moon appears in the ecliptic only when 
obe is ini one: of her nodes; in all other parts of her 
orbit She is either in north or south latitude, some- 
times nearer to, sometimes further removed from 
the ecliptic, according as she eben to be more 
15 or less distant from the nodes. bun 
When the place, in which the — to 
an inhabitant of the earth, is che same with the 
sun's place, she is sa id to be in conjunction. When 
the moon's place is opposite to the sun's place, ghe 
is said to be in opposition. When she is a quarter 
of a eitele distant from the sun, she is said to be 
in quadrature. Both eee e . opposi- 
ot of the moon are e W ot rege 
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The common lunar montane the. time. that 
passes between any new moon and the: next that 


follows, is called a ꝓnodiqal monihi, or a lunation. 


This monch contains 29 days, 12 hours, 44 min. 
3 seconds. a4 loom 9 bY d it 3214. 


eee en is the time the maon takes up 
to describe her orbit: or in other words, the time 


in which the moon performs. one entire revolution 
about the earth, from any point in the zodiac to 
the same again; and contains 27; deye, 7 a, 6 


43 minutes. Nin 5104 @D*& NI; 101 * 8 1 
If che earth had no eee the hne 


the sun had no apparent motion in the eoliptie, the 
| periodical and synodical month would be the game; 


but as this is not the cuse, the mogn takes up a 


longer time to pass from one eonjunation 40 the 
next, than to describe its whole orbit ; or che time | 
between one new moon and the next, 18 ang 


than the moon's: periodical tim. 
The moon revolves round. the. nh from west 


to east, and the sun apparently reyolves round the 


earth the same way. Now at the new mon, or 
when the sun and moon are in conjunction, they 


0 both set out from the same place, to move the 
same way round the earth : but the moon moves 


much faster than the sun, and consequently will 


covertake it; and when the moon does overtake it, 
it will be a new moon again. If the sun had no 
apparent motion in the ecliptic, the moon would 
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come up to it, or be in conjunction again, after it 
had gone once round in its orbit; but as the sun 


moves forward in the ecliptic, whilst the moon is 
going round, the moon must move a little more 


than once round, before it comes even with the 
sun, or before it comes to conjunction. Hence it 


is that the time between one conjunction and the 
next in suacession, is something more than the 
time the moon takes up to go once round its or- 
bit; or a ne W is eee ee 
cal one. 


e 8, fig. 3; les S be th ag CF a ike . 


of the earth's orbit, MD a diameter of the moon's 


: orbit when the earth is at A, and m d another dia- 
meter parallel to the former, when the earth is at 
B. Wbilst the earth is at A, if the moon be at D, 


she will be in conjunction; and if the earth was 


to continue at A, when the moon had gone one 


round its orbit, from D through M, so as to return 
to D again, it would be again in conjunction. 
Therefore, upon the supposition that the earth has 


no motion in its orbit, the periodical and synodical 


months would be equal to one another. But as 
the earth does not continue at A, it will move for- 
ward in its orbit, during the revolution of the 


moon from A to B; and as the moon's orbit moves 


with it, the diameter M D vill then be in the po- 
sition me d; therefore, when the moon has deserib- 


but if the moon is at d, and the sun at 8, the moon 
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will not be in conjunction, consequently the pe- 
riodical month is completed before the synodical. 


The moon, in order to eome to conjunction, 


when the earth is at B, must be at e, in the dia- 
meter ef; or besides going once round its orbit, 
it must also describe the are de. The synodical 
month is therefore longer than the periodical, by 
the. time the moon takes up to describe m_ 
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— * explained in e manner, 
by considering the apparent motion of the sun; a 
view of the subject, that may render it more easy 
to some young minds than the foregoing: Thus 


let us suppose the earth at rest at E, plate 8, fig; 


4; Mö the moon in conjunction with the sun at 8, 
white the moon describes her orbit AB C about 
the earth at E, let the sun advance by his apparent 


annual motion ſrom S to D. It as plain that the 
moon will not come in conjunction with the sun 


again, till, besides describing her orbit, she hath 
described, over and eee the arc MF corres- 
ee to the er D. kl 24 1 74 . TE f LIC: 78 
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ASC eee ae round dene h in a 80 
smaller orbit than that in which the earth revolves 
round the sun, sometimes more, sometimes less, 
and sometimes no part of her enlightened half will 
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: | us; hence she is incexantly * hag: ©; 
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appearance; sometimes she looks full upon us; 
and her visage is all lustre; sometimes she shews 


only half her enlightened face, soon she appears as 


a radiant crescent, in a little time all her min 


ness vanishes, and she becomes a beamless orb. 
The full moon, or opposition, is that state in 


- which her whole disc is enlightened, and we see it 


# \ 


all bright, 'and of a circular figure. The new 
moon is when she is in conjunction with the sün; 


in this state, the whole surface turned towards us 


is dark, and is therefore invisible to us. 

The first quarter of the moon she appears 1 | 
win of a seini: circle, whose circumference is turn- 
ed towards the west. At the last quarter, she ap- 
pears again under the form of a semi- circle, but 
with the circumference turned towards the east. 

These phases may be illustrated in a very: pleas⸗ 


ing manner to the pupil, by exposing an ivory ball 


to the sun, in a variety of positions, by which it 
may present a greater or smaller part of its illu- 


minated surface to the observer. If it be held 


nearly in opposition, so that the eye of the obsery- 
er may be almost immediately between it and the 


sun, the greatest part of the enlightened side will 
be seen; but if it be moved in a circular orbit; 
towards the son, the visible enlightenèd part will 
gradually decrease, and at last disappear; hen the 
ball is held directly towards the sun. Or to apply 
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if the ball, at any time when the sun and moon are 
both visible, be held directly between the eye of 
the observer and the moon, that part of the ball 


| on which. the sun shines, will peer _—_ of the 


eame figure as the moon itself. | : 

The phases of the moon, liks hook nf Venus, 5 
may also be illustrated by a diagram; thus, in 
plate g, Ig. 1, let S be the sun, 'T the earth, 
| ABCDEFGH the orbit of the moon. The 
fflurst observation to be deduced from this figure is, 
that the half of the earth and moon, which. is to- 
wards the sun, is wholly enlightened by it; and 
the other half, which is turned from it, is totally 
dark. When the moon is in conjunction with the 
sun at A, her enlightened hemisphere is turned 


towards the sun, and the dark one towards thjñͥe 


earth; in which case we cannot see her, and it is 
said to be new moon. When the moon has moved 
from A to B, a small portion a b of her enlight- 
ened hemisphere will be turned towards the earth; | 
which portion will appear of the form represented 
at B, plate 11, fig. 2, (a figure which exhibits the 
phases as they appear to us). 5 ae 25 
As the moon proceeds in her orbit, according 
5 to che order of the letters, more and more of her 
enlightened part is turned towards the earth. 
When she arrives at C, in which position she is 


aid to be in quadrature, one half of that part to- 


wards the earth is enlighthened, appearing as at G 
among the phases; this appearance is called a half 


0 - 
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moon. When she comes to D; the greatest part 

of that half which is towards us is enlightened ; 
the moon is then said to be gibbous; and of chat 
3 which is seen at D, in ig 2. 

When the moon comes to F; she is in opposition 
to the sun, and consequently turns all her illumi- 
nated surſade towards the earth; and shines with 
@ full face; ſor which reason she is called a full 
moon. As she passes through the other half of 
her orbit, from E by FG; and H to A again; she 
puts on the same phases as before, | 1 in a con- 

. 8 order or position. | 
As the moon; by reflected light from ids il. 
tuminates the earth, so the earth does more than 
repay her kindness, in nene the surface 
of the moon, by the sun's reflex light, which she 
diffuses more abundantly upon the moon, than the 
moon does upon us; for the surface of the earth 
is considerably greater than that of the moon, and 
consequently; if both bodies reflect light in 
proportion to their size, the earth will reflect 
much more —_ _ we moon Tp a acer 
from it. 1 
In new pies; the ae side ap the cant 
is fully turned towards the moon, and the Luna- 
rians will have a full earth, as we, in a similar po- 
sition; have a full moon. And from thence arises 
that dim light which is observed in the old and 
new moons, whereby, besides the bright and shin- 
ing horns, we can perceive the rest of her body 


- ' 
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bebind them, though but dark and base. Now 


when the moon comes to be in opposition to the 


sun, the earth, seen from the moon, will appear in- 


conjunction with him, and its dark side will be 


turned towards the moon, in which position the 
earth will be invisible to the Lunarians; after this, 


the earth will appear to them as a crescent. In a 


word, the earth exbibits the same appearance to 
the inhabitants of the moon, an the moon does 
to us. nnn 8 


By 


t 40:0 4537 

The moon turns about its own axis in the same 
time that it moves round the earth 3 it is on this 
account that she always presents nearly: the same 
face to us : for by this motion round her axis, she 


turns just so much of her surface | corstantly to- 


wards us, as by her motion about the earth would 


be turned from us. This motion about her axis 
is equable and uniform, but that about the earth 
is unequal and irregular, as being performed in 


an ellipsis ; consequently, the same precise part of 
the moon's surface can never be shewn constantly 
to the earth; which is confirmed by a telescope, 


by which we often observe a little segment on the 
eastern and western limb, appear and disappear by 
turns, as if her body librated to and fro; this 
phenomenon is called the moon's libration, - The 
lunar motions are subject to several other i irregu- 


larities, which are e nne in the _ 
. on eee 79 


7 
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OF THE SATELLITES OF JUPITER, SATURN, AND 
THE GEORGIUM SIDVUS. 


5 of all the satellites, except the 
moon, must have remained unknown, without the 


assistance of the telescope. By the assistance of 
this instrument, Jupiter is found to be attended by 
four, Saturn 1 5 ue and the Georgiun Sigus 
mo AUX Ez 

The satellites are ictinguizhed according t to 


their places; ; into first, second, &c. the first being 


that which is nearest the planet. They revolve 
round their respective primaries in elliptic orbits, 
the primary planets being in the focus. 


The planes of the orbits of the secondary planets 


produced, intersect the heliocentric orbits of their 


primaries in two oppo A which are called | 


poly nodes. ö 
Again, the planes of the arbits of the satellites 


pendaned; intersect the ecliptic in two opposite 
points; these are called the geocentric. nodes of 


r satellites. 
The orbits of J ere satellites are nearly, but 


not exactly, in the same plane. This plane pro- 


duced makes an angle of about 30 with Jupiter's 
an The second deviates a little from the rest. 


The orbits of Saturn's satellites, except the 5th, 
which deviates from the rest several degrees, are 
nearly in the same plane. They are nearly pa- 
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rallel to the plane of the equator, The orbit of 
the 5th satellite makes an angle ith. the « orbit of 
its primary of 13" 8. 
The system of Jupiter and his te i is very 
large in itself; yet, on account of its immense 
distance from us, it appears to occupy but a small 
space in the sphere of the starry heavens, and 
consequently every satellite of Jupiter appears to 
us always near its primary, and to have an oscilla- 
tory motion, like that of a pendulum, going alter- 
nately from its greatest digressiqn on one side the 
pla anet, tg its greatest on the other, sometimes in 
a straight line, at qthers in an elliptic curve. 
When a satellite is in its superipr semicircle, or 
that half of its arbit that i is more distant from the 
earth, its motion appears direct to us; when a sa- 
tellite! is jn its inferior 8emicircle, nearest to the 
| earth, the apparent motion of it is retrograde. 
| Both these motions seem quickest, when the satel- 
lite is nearest the centre of the primary, and 
lower when they are more distant; at the greatest : 
distance they appear stationary for a short time. 
The satellites, and their primaries, mutually 
eclipse each other, in the same manner in which 
it has been shewn that the earth and the moon do, 
But there are three cases, in which the ſatellites - 
disappear to us. 7 4 
The one is, when the Satellite is Girecily, bend | 
the body of its primary, with respect to the a 
this 1 is called an etui of the planet. 11 7 
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Another is, when it is directly behind its pri- 
mary, with respect to the sun, and so falls into 
its shadow, and suffers an eclipse, as the moon, 
when the earth i is 1 between that and the 
en 

- The last is, 3 it is interposed between the 
3 and its primary; for then it cannot be dis- 
tinguished from the primary itself. 

It is not often that a satellite can be discovered 
upon the disc of Jupiter, even by the best teles- 
capes, excepting at its first entrance, when, by rea- 
son of its being more directly illuminated by the 
rays of the sun, than the planet itself, it appears 
like a lucid spot upon it; sometimes however a 
satellite is seen passing over the disc like a dark 
spot; this has been attributed to spots on the sur- 
face of the satellite, and that the more probably as 
the satellite has been known to pass over the disc 
at one time as à dark spot, and at another time to 
be so luminous, as only to he distinguished from. 
the planet at its ingress and egress, The begin- 
nings and endings of these eclipses are easily seen 
by a telescope, when the planet is in a proper situ- 
ation; but when it is in conjunction with the 
sun, the brightness of that luminary renders both 
the planet and satellite invisible, 
By observing the eclipses of Jupiter's . 
it was discovered that light is not propagated in- 
stantaneously, though it moves with an incredible 
velocity so that light reaches from the sun to us 


* 7 
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in the space of eleyen minutes of time, at more | 


than the rate of 100,000 miles in a second. 
_  Theorbits of all the satellites of Saturn, except 
the fifth, are nearly in the same plane, which plane 


makes an angle with that of Saturn's orbit, of about 


31”; this inclination is so great, that they cannot 


pass either across Saturn or behind it, with respect 
to the earth, except when they are very near their 


nodes, so that their eclipses are not near so fre- 


2 as those of Jupiter. An occultation of the 
h behind the body of Saturn has been obsery- 


ed, and Cassini once saw a star covered by the 
fourth satellite, so that ſor 13 minutes ha 15 
| Pee as one. 


5 * 1 * N — bs 
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1 


Those 1 that are termed eclipses, were 


in former ages beheld with terror and amazement, 


and looked upon as prodigies that portended cala- 


mity and  misery ta mankind. These fears, and 
the erroneous opinions which produced them, had 
their source in the hieroglyphical language of the 


first inhabitants of the earth. We do not, how- 
ever, imagine that even the most ancient of these 


kney any more of the laws and motions of the 


| heavenly bodies, than what could be discovered 
from immediate sight; or that they knew enough 
of the lunar system to calculate an ae or 8 | 


ot they eyer attempted i i. 4 


e 


[by 
{ 
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The word eclipse is derived from the Greek, and 


signifies dereliction, a fainting away, or Swooning. 
Now as the moon falls into the shadow of the 


earth, and is deprived hf the sun's enlivening rays, 
at the time of her greatest brightness, and even 


appears pale and languid before her obscuration, 
lunar eclipses were called June labores, the strug- 


gles or labours of the moon; to relieve her from 
these imagined distresses, superstition adopted me- 
thods as impotent as they were absurd. | 
When the moon, by passing between us and 
the sun, deprived the earth of its light and heat, 


the sun was thought to turn away his face, as if in 


abhorrence of the crimes of mankind, and to 
threaten everlasting night and destruction to the 


world. But thanks to the advancement of science, 


which, while jt has delivered us from the foolish 
fears and idle apprehensions of the ancients, leaves 
us in possession of their representative knowledge, 


enables us to explain the appearances on which it 
Was founded, nd eee out n ee _ 


abuse of it. IT en FUL. GO ee 5 


Any jake Body; that is iu to the light of 
the sun, will cast a shadow behind it. This $ha- | 


dow is a space deprived of light, into which if ano- 


ther body comes, it cannot be seen ſor want of 
light; the body thus ene within the'shadow, is 
said to be eclipsed. - 5209 POW BUR = 
The earth and moon ik e Ladies; and 


deriving their light 1 from 5 sun, do ach bf them 


1 
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cast a 1 behind, or towards the. hemisphere : 
opposed to the sun. Now when either the moon 
or the earth passes through the other's shadow, it 
is thereby depriyed of illumination from the sun, 
and becomes invisible to a spectator on the body 
from whence the shadow comes; and such spec- 
tator will obserye an eclipse of the body which is 
passing through the shadow; while a spectator on 
e body which passes the shadow, will 

observe an eclipse a; the sun, bein arprived, * 
his light. 

Hence there must be ie . ane. in 
an eclipse; 1. the luminous body; 2. the opake 
body that casts the shadow; a, 3. the POM in⸗ 
e in the ev. - ld nn 
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5 the earth is an e "wy enlightened by 
8 sun, it will gast a shadow towards those parts 
that are opposite to the sun, and the axis of this 
shadow will always be in the plane of the ecliptic, 
Dr both the sun ang} the danch (Are, wes 


te. sun Ae the 3 od whoth spherical 88 
if they were, therefore, of an equal size, the shadow 


ol the earth would be cylindrical, as in plate 8, fig. * 
53 and would continue of the same breadth at all 


distances from the earth, and would consequently 


extend to an infinite Maa that Mars, Jupi- 


OP ECLIPSES OP THE MOON, 139 


ter, or Saturn, might be eclipsed by it; but as the 


planets are never eclipsed by the earth, this is not 


the shape of the shadow, and nn * 


earth is not equal in size to the sun. 5 

If the sun were less than the an the eds 
would be wider the farther it was from the earth, 
see plate 8, fee. 6, and. would therefore reach to 
the orbits of Jupiter and Saturn, and eelipse any 
of these planets when the earth came between the 
sun and them; but the earth never eclipses them, 
| therefore this is not the shape of its shadow, and 
 consequently the sun is not less than the earth. 
As we have proved that the earth is neither 


larger nar equal to the sun, we may fairly conclude 
that it is less; and that the shadow of the earth is 


a cone, which ends in a point at some distance 
from the earth, see Plate 8, fig. 7. 


The axis of the. earth's shadow falls 0 upon 


that point of the ecliptic that is opposite to the 
zun's geocentrie place; thus if the sun be in the 


first point of Aries, the axis of the earth's shadow 


will terminate in the first point of Libra. It is 
clear, therefore, that there can be no eclipse of the 


moon but when the earth is interposed between it and 


the sun, that is, at the time of its opposition, or when 


it is full; for unless it is opposite to the sun, it 


never can be in the carth's shadow: : and if the 


moon 4 always move in the plane of the celiptic, 
she would every full moon pass through the body 


— 
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of the chadow, and there world be a total ee lipse 
of the moon. 

We have Adv observed, that the moon's orbit 
is inclined to the plane of the (ecliptic, and only 


coincides with it in two places, which are termed 
the nodes. It may therefore be full moon * with- 
out her being in the plane of the ecliptic ; she 


may be either on the north or the south side of it; 
in either of these cases she will not enter into the 
sbadow, hut wy WEN it in' e = nn it in the 
other.” 

To havivats: RAM 10 H 6, alan: 10, 8 1, re- 
present the orbit of the moon, E F the plane of 
the ecliptic, in which the center of the earth's 
sbadow always moves, and N the node of the 
moon's orbit; AB CD four places of the shadow _ 
of the earth in the ecliptic. When the shadow is 
at A, and the moon at I, there will be no eclipse : 
when the full moon is nearer the node, as at K, 
only part of her globe passes through the shadow, 


and that part beooming dark, it is called a partial 


eclipse; and it is said to be of 80 many digits as 
there are twelſil parts of the moon's diameter 
and "When the fall! moon is at 5. she en 


* 4 * may r in 1 to, or c conjunction with, the 
sun, without being i in a right line that passes through the sun 
and the earth. Astronomers term it in conjunction with the 
sun, if it be in the same part of the zodiac; in opposition „if it 
EE EI Ce CEN PIE N . 


A 
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| ters into the shadow C; and passing through it, 
becomes wholly darkened at L, and leaves the 
shadow at O: as the whole body of the moon is 
here immersed, in the shade, this is called a 20 
 eslipse; but when the moon's center passes through 
that of the shadow, which can only happen when 
she is in the node at N, it is called a total and cent 
tral eclipse. There will always be such eclipses, 
when the center of the moon and axis of the .Sha- 
dow meet in the nodes. 
The duration of a central e is 60 ab. 

to let the moon go the length of three of its dia- 
meters totally eclipsed, which stay in the -earth's 
shadow is computed to be about four hours; 
whereof the moon takes one hour, from its begin- 


ning to enter the shadow, till quite immersed, 


therein; two hours more she continues totally 
dark; and the ſourth hour is taken up from her 
first beginning to come out of the en till obo 
is quite out of it. 4 41 P. 
In the beginning of an e os moon enters 
the western part of the sbadow with the eastern 
part of her limb; and in the end of it, she leaves 
the eastern part of the shadow with the western 
part of her limb. All the intermediate time, from 
her entrance to her quitting the shadow, is reckon- 
ed into the eclipse; but only so much into the to- 
tal immersion, . while the.: moon is 8 
gether: oboun +5 oli © 7d Hoe 


/ 
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From the magnitude of che sun, bo eins of che 
ecurth, their distance from each other, the refrac- 
tion of the atmosphere, and the distance of the 
moon from the earth, it has been calculated that 
the shadow of the earth terminates in a point, 
which does not reach so far as the moon's orbit, 
The moon is not, thereſbre, eclipsed by the shadow 
_ ef the earth alone. The atmosphere, by refracting 
some of the rays of the sun, and reflecting others, 
casts a shadow, though not so dark a one as that 
which arises from an opake body i when, there- 


fore, we say that the moon is eclipsed, by 2 5 


into the shadow of the earth, it is to be understood 
of the shadow of the earth, together with its at- 
mosphere. Hence it is that the moon is visible in 
eclipses, the shadow cast by the atmosphere not 
being so dark as that cast by the earth. The cone 
of this shadow is larger than the cone of the earth's 
shadow, the base thereof broader, the axis longer, 
There have been eclipses of the moon, in which 
the moon has entirely disappeared: Hevelius men- 
tions one of this kind, which happened in August 
1647, when he was not able to distinguish the 
place of the moon, even with a good telescope, al- 
though the sky was suffieiently clear ba Bun, to 
see the stars of the fifth magnitude. | 
WH opake bodies, when Waminated: by unh 5 
. of: the sun, cast a shadow from them, which is 
encompassed by a pemumbra, or thinner shadow, 


OP ECLIPSES OP THE Moo. 143 


which every * surrounds the 3 growing 5 
larger and larger as we recede from the body: in 
other words, the penumbra is all that space sur- 
rounding the shadow, into which the rays of light _ 
can only come from some part of that half of the 
globe of the sun which is turned towards the pla- 
net, all the rest nt eee * the inter- 
—_— body: 3 445 
Leet 8, plate 10, fg. 2, be the sun, E he 0 5 
net, then the penumbral cone is F GH. The 
nearer any part of the penumbra is to the shadow, 
the less light it receives from the sun; but the 
further it is, the more it is enlightened; thus the 
parts of the penumbra near M are illuminated by 
those rays of light which come ſrom that part of 
the sun near to I, all the rest being intercepted by 
the planet E. In like manner, the parts about N 
can only receive the light that comes from the 


part of the sun near to L; whereas the parts ß 


the penumbra at P and Q are enlightened in a 
much greater degree: for the planet intercepts 
from P only those rays which come from the sun 
near L, and hides from Q only a a of ”Y 
sun near I. 

The moon passes ai the mand before 
ahb enters into the shadow of the atmosphere. 
This causes her gradually to lose her light, which 
is not sensible at first; but as she goes into the 
darker part of the penumbra, she grows paler. 
The penumbra, where it is contiguous to the sha- 
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| dow, is 50. dark that it is difficult to distinguish = 
one from the, other. If the atmosphere be serene, 
every eclipse of the moon is visible at the same in- 
stant to all the inhabitants of that ide of . 

to which she is Oppos it. 
The moon, in a total eclipse, ge 
< a dusky reddish colour, especially towards .the 
edges ; but of a darker towards the 5 of the 
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- The moon, 1 in i if near one x. 
her nodes, will be interposed between us and the 
sun, and will: consequently hide the sun, or a part 
of him, from us, and cast a shadow upon the earth: 
this is called an * of the'sun ;1 It Ow: be either 
partial or total: 2nd; malls ? 
An eclipse of any wad Hoek is a 8 or 
rere of light, which would otherwise come 
from it to our eye, and is caused my the 1 —_—_— 
tion of some opake body. 0 a 
I he eclipses of the sun 15 moon, 3 ex- 
pressed by the same word, are in nature very dif- 
ſerent; the sun, in reality, loses nothing of its na- 
tive lustre in the greatest eclipses, but is all the 
while incessantly sending forth streams of light 
every way round him, as copiously as before. 
Some of these streams are, however, in tercepted in 
their way towards our earth, by the moon coming 
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between the earth and the sun : and the moon 
having no light of her own, and receiving none 
from the sun on that half of the globe which is to- ON 
wards, our eye, must appear dark, and make 80 _ 
much of the sun's dise en 056 as is hid from us 
by her inter position. 5 
What is called an ectipse of the « sun, is 3 | 
fore, in reality, an eclipse of the earth, which is 
depriyed of the sun's light, by the moon's coming 
between, and casting a shadow upon it. The earth ; 1 
being a globe, only that half of it, which at aß 
time is turned towards the sun, can be enlighten- | 
ad by him at that time; it is upon some part of 
© this enlightened half of the earth, that the moon ( 
anden or penumbra, falls in a solar eclipse. 
The sun is always in the plane of the ecliptic; 
bas! the moon being inclined to this plane, and 
only coineiding with it at the nodes, it will not 
cover either the whole or à part of the sun; or in 
other words, the sun will not be eclipsed, unless 
the moon at hes ain is in or near one of her 
nodes. TY 
e mnogn, eee cannot 55 Atty hip 


tween the sun and us, unless they are both in the „ I 
same part. of the heavens; that is, unless they . 

in conjunction. Therefore, the sun can never be. 

eclipsed but at the new moon, nor even then, un- ; 
less the moon at that: time is in or near one of . 
nodes. arm No RESIN 0 R 55 At 1 
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| From heties it is easy to vhew! that he darkness 
: of our Saviour” s crucifixion was not owimg to an 
eclipse of the un. For the crucifixion happened 
at the time of the Jewish passover, and the pass- 
over, by the appointment of the law, was to be 
celebrated at the full moon; the sun could not, 
therefore, be eclipsed at the time of the passover. 
An intelligent tutor will find many opportunities 
of observing to his pupil, that nature, and philo- 
sophy, which explains the phenemena of en 
do always agree with divine revelation. 

The moon being much smaller than the earth; 
and having a conical shadow, because she is less 


dhan the sun, can only cover a small part of the 


earth by her shadow; though, as we have observ- 
ed beſore, the whole body of the moon may be 
involved in that of the earth. Hence an eclipse 
of the sun is visible but to a few inhabitants of the 
earth ; whereas an eclipse of the moon may be 
seen by all those tliat are on that hemisphere which 
is turned towards it. In other words, as the moon 
can never totally eclipse the earth, there will be 
many parts of the globe that will suffer no e 
8 e the sun be above their horizon. 8 
An eclipse of the sun always begins on hy west- 
ern, and ends on the eastern side; because the | 
. moon moving in her orbit from west to east, neces- 
sarily first arrives at and touches the sun's western 
. limb, and byes off a at 1 eastern. 
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It is not necessary, in order to constitute a cen- 
tral eclipse of the sun, that the moon should be ö 
exactly in the line of the nodes, at the time of its 
conjunction; for it is suffigient to denominate an 
eclipse of the sun central, that the center of the 
moon be directly between the center of the sun, 
and the eye of the spectator; for to him, the sun 
is then centrally eclipsed. But as the shadow of 
the moon can cover but a small portion of the 
earth, it is obvious this may happen when: the 

moon is not in one of her nodes. Further, the 
sun may be eclipsed centrally, totally, ee 
and not at all, at the same time. 

A total eclipse of the sun is a very curious spec- 
tacle: Clavius says that, in that which he obsery- 
ed in Portugal, in 1650, the obscurity was greater; 
or more sensible than that of the night: the larg- 
est stars made their appearance for about a minute 
or two, and the birds were 80 terrified, that =P 
fell to the ground: _ 

Thus in plate 10; figs 8; let A BC be the sun, 
M N the moon; h1g- part of the cone of the 
moon's shadow. f d the penumbra of the moon: 
trom this figure it is easy to perceive, 

1. That those parts of the earth that are within 5 
the circle represented by gh, are covered by the 
shadow of the moon, so that no rays can come 
from any part of the sun into that IG on a 
** at ths. Rt Rs of, the mach 804 11755 
Sn . atk, i 4 2 1 819406 ; | 


1 
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2. In those parts of the earth wks thepenum- 


bra falls, only part of the sun is visible; thus be- | 


tween d and g, the parts of the sun near C can- 
not be seen, the rays coming from thence towards 
d or g being intercepted by the moon; whereas at 
the same time, the parts between f and h are illu- 
minated by rays coming from C, but are deprived 
by the moon of such as come from A. 

3. The nearer any part of the earth, within the 
penumbra, is to the shadow of the moon, as in 
places near g, 1, or h, the less portion of the sun is 
visible to its inhabitants; the nearer it is to the 
outside of the penumbra, as towards d, e, or f, the 
e portion of the sun may be seen. N 

4. Out of the beg wer nen entire disc n the 
sun is visible. 
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The distance of the moon, in degrees and mi- 
nutes, above or below the ecliptic line, is called 
her latitude. If she be above the ecliptic, she is 


- m_ to have north; if below it, south latitude. ' 


If the latitude at any time exceed the sum of 
e semi · diameter of the moon, equal to 164 min. 
and the earth's shadow equal to 451 minutes, the 
moon at that time cannot be eclipsed ; but will 


either pass under or over the shadow, according as 
she happens to be above or below the ecliptic line. 
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The distance from the node, either before or 
after it, corresponding to the above extent, is 
about 12 degrees, which is consequently the limit 
of lunar eclipses: for when a full moon happens 
within 12 degrees of the nodes, she will be eclips-. 
ed; and the nearer to the en the prongs will 
the eclipse be, 8 | 

If at the new moon, the 8 em this 
sum of the semi-diameters of the sun 164 minutes, 
and of the moon 162 minutes, we sbould see no 
eclipse of the sun from the center of the earth. 
But as we view the luminaries from the surface, 
which is much higher, we are obliged to take in 
the semi-diameter of the earth as seen from the 
moon. 175 hen, if the latitude of the moon be 
greater than the sum of these three numbers, . 944 
minutes, the sun will not be eclipsed:; for the 
moon will pass either over or under his disc, ac 
cording as she is above or below the ecliptis line. 
The distance from the node on either side agree- 
ing to the above-mentioned extent, is the 18 de- 
grees, which i is the utmost limit of solar eclipses; 
whence it follows, that if the sun and moon, at 
the time of new moon, happen to be within 18 
e of the MO the sun will 15 WO _— | 
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If the places of the moon's nodes were fixed, 
eelipses would always happen _ at the same 
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time of the year; but as they have a motion of 
about 3 min. 11 sec. every day backwards, or con- 
trary to the order of the signs, the sueceeding 
eclipse must recede likewise; and in one revolu- 
tion of the nodes, which is completed in 18 years, 
224 days, 3 hours, they will revolve in a retrograde 
manner through 1 he. year, and return 10 the same 

places again. 3 s 
Blut there is a more correct 8 called the 
Chaldean Saros, which is 18 years, 11 days, 7 
hours, 43 min. for in that time the sun and moon 
advance just as far beyond a complete direct re- 
volution in the ecliptic, as the nodes want of com- 
pleting their retrograde one: ' consequently as the 
sun and moon meet the nodes at the end of that 
period, the same solar and lunar aspects, which 
happened 18 years, 11 days, 7 hours, 43 minutes 
ago, will return, and produce eclipses of both lu- 
minaries, for many ages, the same as before. 

--Of. ancient astronomical observations much has 
been said, with very little foundation, by many 
modern writers :. the oldest celipses of the moon 
tbat Hipparchus could make any use of, went 
no higher than the year before Christ 721. What- 
ever observations, therefore the Chaldeans had be- 
frre this, were A my rude and 1 
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0b PARALLAX AND REPRACTION. 


Astronomy is subject to many difficulties, bexides | 
| e which are obvious to every eye. When we 
look at any star in the heavens, we do not see it in 
its real place; the rays coming from it, when they 
pass out of the purer etherial medium, into our 
coarser and more dense atmosphere, are refracted, 
or bent in such a manner, as to shew the star high- 
er than it really i is. Hence we see all the stars 
before they rise, and after they set; and never, 
perhaps, see. any one in its true place in the hea- 
vens. There is another difference in the apparent 
situation of the heavenly bodies, which arises from 
the stations in which an observer views them. This 
difference i in SKYANON, is is called the een of an 
object. N 5 


* 


or PABALLAN, 


The 3 of any object i is the difference be- 


| tween the places that the object is referred to in 
the celestial sphere, when seen at the same time 
from two different places within that sphere, = 
it is the angle under which any two places i in the 
inferior orbits are Seen from a Superior Planet, « or 
even the fixed stars. 

The parallaxes principally used by ee of 
are those which arise from considerin 8 the vbject 
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as viewed. from the centers of the carth and the 
sun, from the surface and center of the earth, and 
| from all three compounded. 3 
The difference between the place of a planet, 
as scen from the sun, and the same as seen from 
| the earth, is called the parallax of the annual or- 
bit; in other words, the angle at any planet, sub- 
tended between the sun and the earth, is called 
the parallax of the earth's or annual orbit. 
The diurnal parallax is the change of che appa- 
rent place of a 78 star, or planet, of any celes- 
tial body, arising from its being: viewed on the 
| surface, or from the center of the earth. 
The annual parallax of all the nl is very 
; considerable, but That, of the fen stars is hoe ag 
ceptible. op _ | 
The fixed stars bave n no - Gur rale che 
moon, a considerable one; that of the planets is 
greater or less, according to their distances. 
To explain the parallaxes with respect to the 
earth only, let HS W, plate 7, fig. 2, represent 
the earth; T, the center thereof; ORG, part of 
the moon s orbit; Pr g, part of a planet's orbit ; 
| 24 A, part of the starry heavens. Now, to a 
spectator at 8, upon the surface of the earth, let 
| the moon appear in T. that l 185 in the sensible ho- 
5 rizon of 8, and it will be referred to A; but if 
viewed from the center T, it will be referred ta 
| the yur D, above which i is Its true Place, Dy 
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be: are A, will be the moon's POTTER * 1 
angle, SGT, the parallactic angle; or the parallax 
is expressed by the angle under which the semi- 
dianieter T'S of the earth is seen from the moon. 

I the parallax be considered with respect to 
different planets, it will be greater or less as those 
objects are more or less distant from the earth; 
thus the enn A a oP G is ae thay te _ 
| rallax Ad of g. os : 

I it be ee with nlp to 1 5 same 
Late it is evident that the horizontal parallax, 
or the parallax when the object is in the horizon, 

is greatest of all, and diminishes gradually, as the 

body rises above the horizon, until it comes to the 


zenith, where the parallax yanishes, or becomes 


equal to nothing. Thus AD and a d, the hori- 
zontal parallaxes of G and g, are greater than aB 
and a b, the parallaxes of R and r; but the objects 
O and P, seen from 8 or T, Ne in the n 
place Z, or the zenith. 5011 5 
By knowing the 8 of any obs Ae 
its distanoe from the center of the earth may be 
easily obtained by trigonometry. Thus if the dis- 
tance of G from T be sought, in the triangle 
8 TG, ST being known, and the angle 8 GT 
determined by ne the side ＋ G1 is thence 
known 21. | 5 
The parallax of. th: moon may be Amina 
wy two persons obserbing ber from different sta- 
tions at the same e she en vertical to oe 
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one and hoviganial to the other. It eee 
concluded to be about 57”. | 

But the parallax. most whnted: 18 that of the sun, 
whereby his absolute distance from the earth is 
known; and hence the absolute distances of all 
the other planets would be also known, from the 
second Keplerian law. But the parallax of the 
sun, or the angle under which the semi- diameter 
of the earth would appear at that distance, is 80 
exceeding small, that a mistake of a second will 
cause an error of several millions of miles. 
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us one of t the Wb objects of tA 18 
to fix the situation of the several heavenly bodies, 
is is necessary, as a first step, to understand the 
causes which occasion a false appearance of the 
+ place of those objects, and make us suppose them 
in a different situation from that which they really 
bave. Among these causes - refraction is to be 

: reckoned. By this term is meant the bending of 
_ the rays of light, a8 mou mug” out on one n 
into another.. 
The earth is every be nat 1 an UN 
terogeneous fluid, a mixture of air, vapour, and 

terrestrial exbalations, that extend to the regions 
pf the sky. The rays of light from the sun, moon, 
and stars, in passing to a Spectator. upon earth, 
_ * this Noo OS 80 reſracted 


1) 
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in their passage through it, that their apparent 


altitude is greater than their true altitude. 


Let AC, plate 7, fig. 3, represent the surface 
of the earth; T, its center; BP, a part of the at- 
mosphere; H E K, the sphere of the fixed stars; 
AF, the sensible horizon; G, a planet; GD, a 


ray of light proceeding from the planet to D, 


where it enters our atmosphere, and 1s refracted 
towards the line DT, which is perpendicular to 
tbe surface of the atmosphere; and as the upper | 


air is rarer than that near the earth, the ray is 
continually entering a denser medium, and is 


every moment bent towards T, which causes it 
to describe a curve, as DA, and to enter a spec- 


tator's eye at A, as if it came from E, a point 


above G. And as an object always appears in 
that line in which it enters the eye, the planet 


will appear at E, higher than its true place, and 


frequently above the horizon AF, ig its has 
place is below it, at G. | e 


This refraction i is greatest at the horizon, and 


decreases very fast as the altitude increases, inso- 
much that the refraction at the horizon differs 
from the refraction at a very ſew degrees above 
' the horizon, by about one- third part of the whole 
quantity. At the horizon, in this climate, it is 
found to be about n climates nearer to the 
equator, where the air is purer, the refraction is 
less; and in the colder climates, nearer” to the 
py” it increases * and is a” bappy = 


* 
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provision for lengthening the appearance of the | 
light at those regions so remote from the sun. 
Gassendus relates, that some Hollanders, who 
wintered in Nova Zembla, in latitude 755, were 
surprized with a sight of the sun seventeen days 
beſore they expected him in the horizon. This 
difference was owing to the refraction of the at- 
mosphere in that latitude. To the same cause, 
together with the peculiar obliquity of the moon's 
orbit to the ecliptic, some of these very northern 
regions are indebted for an uninterrupted light 
from the moon much more than half the month, 
and sometimes almost as long as it is capable of 
e any light to other parts of the eartn 
Through this refraction we are favoured with 
the sight of the sun about three minutes and a 
quarter before. it rises above the horizon, and also 
as much every evening after it sets below it; 
Which in one CE augen, to more than mw 
hours. : 
lt is ag this IG of ati Me we * 
| also indebted for that enjoyment ot light from the 
sun, when he is below the horizon, which pro- 
duces the morning and evening twilight, The 
sun's rays, in falling upon the higher part of the 
atmosphere, are reflected back to our eyes, and 
form a faint light, which gradually augments, till | 
it becomes day. It is owing to this, that the sun 
| illuminates. the whole bhemisphere at once: de- 
ee of the atmosphere, he would have relied, 
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no light, but when our eyes were directed to- 
5 wards him; and even when he was in meridian 
splendor, the heavens would have appeared dark, 
and as full of stars as on a fine winter's night. 
The rays of light would have come to us in 


straight lines; the appearance and disappearance of 


the sun would have been instantaneous; we should 


* have had a sudden transition from the brightest 


sun-shine to the most profound darkness, and 


from thick darkness to a blaze of light. Thus by 
refraction we are prepared gradually for the light 


of the sun, the duration of its light is protonged; 
and the shades of darkness softened. 

To it we must attribute another curious 1 
menon, mentioned by Pliny; for he relates, that 


the moon had been eclipsed once in the west, at 


the same time that the sun appeared above the 


horizon in the east. Mestlinus, | in Kepler, speaks 


of another instance of the same kind which fell 
under his « own observation. hy ö 


Wat 


or THE : FIXED STARS. 


N part of the universe gives such inst 1 


of the structure and magnificence of the heavens, 


as the consideration of the number, magnitude, 
and distance of the fixed stars. We admire, 
indeed with propriety, the vast bulk of our on 


globe; but, when we consider how much it is 


surpassed by most of the heavenly bodies; what a 


„ 
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point it degenerates 18 and how little more even 
the vast orbit in which it revolves would appear, 
when seen from some of the fixed stars, we begin 
to conceive. more just ideas of the extent of the 
nen and of the boundaries of creation. 

The most conspicuous and brightest of the 
fixed stars of our horizon is Sirius. The earth, in 
moving round the sun is 190 millions of miles 
| nearer to this star in one part of its orbit, than in 
the opposite; yet the magnitude of the star does 
not appear to be in the least altered, or its dis- 
tance affected by it; so that the distance of the 
fixed stars is great beyond all computation. The 
unbounded space appears filled, at proper dis- 
tances, with these stars; each of which is probably 
u sun, with attendant planets: rolling round it. In 
this view, what and how amazing, is is the structure 
of the universe! ed RH 

- Though the fixed: Stars are the als marks hy | 
which astronomers are enabled to judge of the 
course of the moveable ones, and we have asserted- 
their relative positions do not vary, yet this asser- 
tion must be confined within some limits; for 

many of them are found to undergo particular 
changes, and perhaps the whole are liable to some 
peculiar motion, which connects them with the 
universal system of created nature. Dr. Herschel | 
even goes so far as to suppose, that there is not, 
in strictness of speaking, one fixed star in the 
5 eee in general motion of alf 
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che starry systems, and eee, of che solar 
one, among the rest. i 

I here are some stars, whese situation nd plac 
were. heretofore known and marked with preci- 

sion, that are no longer to be seen: new ones 


have also been discovered, that were unknown to 


the ancients, while numbers seem gradually to 
vanish. There are others which are found to 
have a periodical i increase and decrease of magni- 
tude; and it is probable that the instances of these 
changes would have been more numerous, if the 
ancients had possessed the same accurate means 
of examining the heavens as are used at present. 
New stars offer to the mind a phenomenon 
more surprizing, and less explicable, than almost 
any other in the science of astronomy. I shall 
select a few instances of the more remarkable 
ones, for: the instruction of the young pupil: a 
consideration of the changes that take place, at so 
immense a distance as the stars are known to be 
from him, may elevate his mind to consider the 
immensity of his power, who reguſates and go- 
verns all these wide extended motions; © who 
hath measured the waters in the hollow of his 
hand, and meted out heaven with a span. 
It was a new star discovered by Hipparchus, the 
chief of the ancient astronomers, that induced 
him to compose a catalogue of the fixed stars, 
that future observers might learn from his labours, 
Fi whether any of the known n. or 
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—— of the stars. 
Of new stars, the fn of witich we "EP a et, 
account, is that which was discovered in the con- 


af the year 1572; a time when astronomy was 


; sufficiently eultivated, to enable the astronomers 
to give the account with precision. It remained 


visible about sixteen months; during this time, it 


kept its place in the heavens, without the least 


variation. It had all the radiance of the fixed 


mars; —_ beinkled A e and was in all fes- 


. * - f 
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than Jupiter, who was at that time in his perigee; 


and was scarce less bright than Venus. 


It was not by degrees that it acquired this vs 


; meter, but shone:forth-at once. of its full size and | 
brightness, as if of 'instantaneous creation. It 


splendor, during which time it might be seen even 


at noon day, by those who had good eyes and 


_ new ones were produced. The same motives en⸗ 
: gaged the illustrious Hehe Brahe to form, with . 
unremitting labour and nns ene new 


stellation Cassiopea, in the Month of November 


— 


knew where to look for it. Before it had been 


seen a month, it became visibly smaller, and from 
thence continued diminishing in magnitude till 
March 1574, when it entirely disappeared. As 
it decreased in size, it varied in colour; at first, 


its light was white, and extremely bright; it then 


* 
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became yellowish; afterwards of a ruddy colour, 
like Mars; and finished with a 1950 livid ow 
resembling that of Saturn. wh 

In August 1596, Fabricius observed a new star . 
in the neck of the Whale. In 1637, Phocyllides 
Holwarda observed it again, and not knowing 
that it had been seen before, took it for a new 
discovery: he watched its place in the heavens; 
and saw it appear again the succeeding year, nine 
months after its disappearance. It has been since 
found to be every year very regular in its period, 
except that in 1672 it was missed by Hevelius, 
and not seen again till 1676. Bullialdus deter- 
mined the periodical time between this star's ap- 
pearing in its greatest brightness and returning to 
it again, to be about 333 days; observing further 
that this star did not appear at once in its full 
magnitude and pee but by Wu 
at them. 

Three | changeable or l stars 5 
been discovered in the constellation of the Swan; 
the first was scen by Jansonius, in 1600; the se! 
cond was diccovered in 1670; the ow 138 _— 
NI in 1686. 

In the latter end of £:0lajneaober;; 160idy a 3 : 
star was discovered near the heel of the right foot 5 
of  Serpentarius: Kepler; in desertbing it, says 
that it was precisely round, without any Rind of 
nair or tail; that it was exactly like one of the 
stars, except that · in the vividuess of its Iustre and 


3 
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| the quickness of its sparkling, it exceeded any 
thing he had ever seen before. It was every mo- 
ment changing into some of the colours of the 


rainbow, as yellow, orange, purple, and red; 
though it was generally white, when it was at 
some distance from the vapours of the horizon, 
Those in general who saw it, agreed that it was 


larger than any other fixed star, or even any of 


the planets, except Venus: it preserved its lustre 


and size for about three weeks; from this time it 
grew gradually smaller. Kepler supposes that it 


disappeared sometime between October, 1605, 
and the February ebw: gr. bay on what Cs 1s 
uncertain. e { 


Besides these — ee ders, 80 hl 


mated cect conbiiien by the earliest among 


the modern astronomers, there have been many 
discovered since by Cassini, Maraldi, and others; 


Mr. Montanere speaks of having observed * 


one hundred changes among the fixed stars. 
The star Algol, in Medusa's head, has 85 
observed long since to appear of different magni- 


tudes, at different times. The period of it has 


— 


been lately settled by J. Goodrick, Esq. of York. 
It periodically changes from the first to the fourth 
magnitude: the time employed from one greatest 


diminution to the other was, anno 1783, at a 

mean 2 days, 20 hours, 49 minutes, 3 seconds. 

The causes of these appearances cannot be as- 
signed at present, with any degree of probability; 
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perhaps they have some analogy to the spots on 


the sun, which at some times appear in greater 
numbers than at others, some of them bigger than 
the whole earth; or perhaps they are owing to 
some real motions of the stars themselves. | 


Tbere are several stars that appear single to the i 
naked eye, which are, on examination with a te- 
lescope, found to consist of two, three, &c. The 
number of double stars observed before the time 
of Dr. Herschel was but small; but this celebrated 


astronomer has noted upwards of four hundred; 


among these, soine that are double, others that 


are treble, double double, quadruple, double tre- 
ble, and multiple; his catalogue gives the com- 
parative size of these stars, their colour as they 
appeared to him, with several other very curious 
PAT , re; 530-89 
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„„Bei ee appearances 4 100 asd stars 


bee noticed, there is another which deserves 
particular attention, namely, the nehulæ, or parts 
of the heavens which appear brighter than the rest. 


The most remarkable among these is that large 
irregular zone or band of whitish light which 
crosses: the eeliptie in Caneer and Capricorn, and 


| in inclifidertyaibian.ongle of about 60 degrees; ; 
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it is a circle bisecting the celestial sphere, irregu- 


lar in breadth and brightness, and in many places 


divided into double streams. The principal part 


runs through the Eagle, the Swan, Cassiopca, 
Perseus, and Auriga; it continues its course by 
the head of Monoceros, along by the Greater 
Dog, through the Ship, under the Centaur's feet 
till, having passed the Altar, the Scorpion 8 tail, 
and the . of Aquarius, it Gnas: at _ ee it 

This curious appearatice is owing to a valet; 
was of small stars, which are too minute to be 
distinguished by the naked eye; yet, blending 
their light together, form that whiteness which 
occupies so large a track of the heavens. -'The 


_ milky way may be considered as a constellation 


of telescopic stars; a sea of them of great breadth 
and of a whitish colour, encompassing the whole 
heavens. Even before astronomy reaped any be- 
nefits from improvements in optics, Democritus . 


. considered it as formed of clusters of small stars. 


Mr. Herschel's large telescope completely re- 
solved the whitish_ appearance of the milky way 
into stars. Having viewed and gauged this bright 
zone in all directions, he found it composed of 


_  shining stars, whose number increases and dimi- 


nishes in proportion to its i EH 44 rem to 
the naked eye. 

The portion of the milky way chile bis first ah 
served, was that about the hand and club of Orion. 
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Here he ſound an astonishing multitude of stars, 
which be attempted to number. By estimating 
the number contained in the field of his telescope 
at once, and computing from a mean of these 
how many might be contained in a given portion 
of the milky way, in the most vacant places, about 
that part, he ſound 63 stars; other six fields con- 
tained 110, 60, 70, 90, 70, and 74 stars; a mean 
of these gives 79 for the number of stars in each 


field: so that, allowing 15 minutes for the diame- : 


ter of his field of view, a belt of fifteen degrees 
long and two degrees broad could not contain 
less than 50,000 stars, large enough to be dis 
tinctly numbered; besides which, he suspected 
twice as many more, which could be seen only 
now and then * faint  Slimpsas, ur want of suffi- 
cient light. 
In the most acouden, parts of. the 4 way, „ he 
has had a field of view of 588 stars, and these 
continued for many minutes; so that in one quar- 
ter of an hour's time not less than 116,000 stars 
have passed through the field of his telescope. He 
endeavours to shew, that the powers of his te- 
lescope are such, that it will not only reach the 
stars at 497 times the distance of Sirius, so as to 
distinguish them, but that it also shews the united 
lustre of the accumulated stars that compose a 
milky nebulosity at a far greater distance. From 
these considerations, it is highly probable, that as 
his twenty feet telescope daes not shew such A 
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nebulosity i in the milky way, it goes already far 
beyond the extent thereof; and therefore a more 
powerful instrument would remove all doubt, by 
exposing a milky nebulosity beyond the stratum, 
which could then no longer be nisten he os 
dark ground of the heavenss. | 
To a spectator placed in rodiihnd. queer ng 
very remote objects appear to, be a 0 0 Nan 
from the eye. To judge of the milky way only 
from phenomena, we must of course consider it 
as a, vast ring af stars seattered promiscuously . 
round the celestial regions; but a more perfect 
view of the subject will shew us, that the appear- 
ance, &e; of this beautiful object arise from our 
eccentric view. Mr. Wright, in his “ Original 
Theory of the Universe, 17 50, and Dr. Herocheſ 
since, in ce The Philosophical Transactions“ have 
shewn, that this appearunce may be accounted for, 
by assuming its figure az much more extended to- 
Piards the apparent zone of nen ee in 

any other direction. #231 en 311) e on ns 10 0 
Basuppose, says Dr. Herschel, ee 3 
arranged between two parallel planes infinitely ex- 
tended every way, but at # given considerable dis- 
tance from each other; ; and calling this a aiderial 
ohratum, an eye placed somewhere within it, will 
see all the Stars 1 in the direetions of the Planes pro- 
jected i into a great circle, lucid en account of the 
. accumulation of stars; While the rest of the hea- 
vens, at the sides, will mo seem scattered over 


4 


CONSTRUCTION OF THE: UNIVERSE.” My - 


"with constellations, more or less crowded, * 
ing to the distance of the planes, or numbers of 
the stars one in the e or sides * the 
stratum. 

If the eye be b — 5 the 8 but at 
no very great distance, the appearance of the stars 
within it would form one of the lesser circles of 
the sphere, which would be more or less contracted, 
according to the distance of the eye. 

He eonsiders our sun as placed in that aim 
af stars which forms our milky way, and as not 
far from the place where some smaller stratum 
branches out from it, Every star in the stratum 
has its own galaxy, only with such variations, in 
form and lustre, as may arise from their nd 
Situations, 

Aceording to Dr. Ft the universe 2 
af: nebulæ, or immense collections of innumerable 


stars, each individual of which is a sun, not only 
the celestial bodies, in our system, are nearer to 
one another than we are to Sirius, who is supposed 


to be 400,000 times further than the sun from 
us; that is, thirty-eight millions of millions of 
miles. The extent of the nebula is such in Some 
places, that the light of a star placed at its extreme 
| boundary, supposing it to fly with the velocity of 
twelve millions of miles every we moet _ 
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their antiquity. Supposing some to have a greater 


air of vigour than others, he attempts to shew that 
they are at distant periods separated and subdi- 


vided, and even decay. These compositions and 


decompositions he pretends to account for, and 
points out some that he considers as having sus- 
tained greater rayages of time than others! It is 
not here only that eyen his very conjectures sur- 
pass all human eredulity, for you will find him 
assigning che boundaries of the vast periods requi- 
site for forming nebulæ, and hazarding conjectures 


concerning others, as if they were tho eee 


of the universe 


If you are attentive to astronomical writers; won 


wil soon perceive that much of our knowledge 8 


astronomy is founded upon conjecture, though 


| dressed up with all the parade of mathematical de- 


monstration. Tou will find much of their rea- 
soning weak; and you will oſten find them arguing 


in a cirele; and this particularly with respect to 
the densities, magnitudes, distances, and other af. 


fections of the planets. Many of their conclusions 


are deduced from analogy; à species of rea- 
| zoning that i in its best form amounts only to pro- 
bability. Many of their ideas are supported upon 


an assumed attractive power; cn W they: . 


* 


Not content with these conjectures, our inde- 
fatigable astronomer endeavours to trace the origin 
of nebulous stars, and gives us hints concerning 


* 
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Though in a popular work it is impossible to 
enter into a discussion on those points, yet it may 
be useful to say something concerning the value 
of conjecture, &c. in physical sciences. The 
Vorld has been so long befooled by hypotheses in 
all parts of science, that it is now necessary to 
treat them with contempt. Conjectures and hy- 
potheses are the invention and works of men, and 
must therefore bear proportion to the skill and ca- 
pacity of the inventor; and. will always be very 
unlike the works of God, which it is 4 wann 
of philosophy to discover. | 

It is natural for men to ae bee, things 12 
known, by some similitude they observe, or think 
they observe, between them and things more fa- 
miliar, or better known: in many cases we hare 
no other way of judging. Analogical reasoning is 
not therefore always to be rejected; but it ought 
always to be observed, that this kind of. reasoning 
can only afford probable evidence, that it may 
lead into error, and that it varĩes in the degrees f 
its force according to the nature of the truths from 
which we reason, according to their greater or less 
extent, and according as the instances uin 
are more or less similar. 1 f g A 
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various figures, descending ſrom far distant parts 
of the system, with great rapidity, surprizing us 
with the singular appearance of a train, or tail; 
and after a short stay are en off to on re- 


Sions, and disappea . 


They were — in münzen times te 
digte hung out by the immediate hand of God in 


the heavens, and intended to alarm the world. 
Their nature being now better understood, they 


are no longer terrible: but as there are still many 
who think them to be beavenly warnings, portents 


of ſuture events, it may not be improper ſor the 


tutor to inform his pupil, that the great Architect 
of the universe has framed every part according 
to diyine order, and subjected all things to laws 


and regulations; that he does not hurl at random 


stars and wdrlds, and disorder the system of the 


whole glorious frame, to produce false apprehen- 
sions of distant events, fears without foundation, 
and without use. Religion glories in the test of 


ver. . ENG and is — 


that: FFP ane. | 
stood, the more he must be adored; and that his 


superintendancy over every 3 is more clearly 
d, by their unva- 


The existence of an universal connexion' he- 


tween all the parts of nature is now generally al- 
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wank Comets: undoubtedly. form a part of this 
great-chain; but of the part they occupy, and of 
the uses for which they exist, we are equally ig- 


norant. It is a portion of science whose perfection 
is reserved for some distant day, when these bo- 


dies, and their vast orbits, may, by long and accu- 
rate observation, be added to the known parts of 
the solar system; when astronomy will appear as a 
new science, after all our discoveries, great as we 
at present imagine them to be. 


Tube astronomy of comets is very eee. bor 
but little can be known with certainty where but 


little can be seen. Comets afford few observations 
on which to ground conjecture, and are for the 
greatest part of their course beyond the reach of 
human vision; but that they are not meteors in 
the air is plain, because they rise and set in the 
same manner as the moon and stars. They are 
called eomets from their having a long tail, some- 
what resembling the appearance of hair: some, 
bowever, have appeared without this appendage, 
as well defined and round as planets. - Imperfeet 
as our knowledge is concerning them, mathema- 


ticians have even ventured to calculate the size f 


their orbits, which they have made so great as to 


r ee e bounds of credul ix. | 


It is generally supposed that they are planetary 
en making part of aur system, rexolving round 


the sun in extremely long elliptie eurves i; that as 


the orbit of a comet is more or less eccentric, the 


e 
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distance to which they recede from the sun will 
be greater or less. Very great difference has been 
found by observation in this respect; even 80 

great, that the sides of the elliptic orbit in some 
cases degenerate almost into -right” "tries: They | 
are very numerous ; 450" are ed to n 5 
2 our solar sys te. 

It is supposed, that Ron eoemots; en go to 
the greatest distance from dhe sun, ee the 
nearest to him at their return. 4 

Their motions in the heavens are not all dive, 
or according to the order of the signs, like those 
of the other planets. The number of those which 
move in a retrograde ener is e A to 
mn whose motion is direct. 

The orbits of most of a 1 are inclined in very 
| arg angles to the plane of the ecliptic. IF 

The velocity with which they move is ned 
In every part of their orbit: when they are near 
the sun, they move with incredible swiftness; 
when very remote ee bim, mr; motion is in- 
conceivably slow. por bibs bee 
When they appear, vous come 10 a Abet une 
towards the sun, as if they were going to fall into 
his body: and aſter having disappeared for some 
time, in consequence of his extreme brightness, 
they fly off on the other side as fast as they came, 
continually losing their splendor, till at last they 
totally Gzeappear, Their apparent magnitude is 
very different; eee 'seeming not bigger 
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than the fixed stars, at other times equal in dia- 
meter to Venus. Hevelius observed one in 1652, 
which was not inferior to the moon in size, though 
not 80 . its e 8 and Wen its n 
dis mal. 

A greater e of oomets are seen in the hs 
win towards the sun, than in the opposite; 
and are generally invisible at a smaller distance 
chan that of Jupiter. Mr. Brydone observed one 

at Palermo, in July 1770, whieh, in twenty-four 
hours, described an arch in the heavens upwards of 
fifty degrees in length; so that, if it was far dis- 
tant from the sun, it must have moved at the rate 
of upwards of sixty millions of miles in a day. 

They differ also in form from the other planets, 
consisting: of a large internal body, which shines 
with the reflected light of the sun, and is encom 
passed with. a very large atmosphere, apparently 
. of a fine matter, much resembling that of the au- 
rora borealis: this is called the head of the comet, 
and the internal part of the nucleus. When a 
comet arrives at a certain distance from the sun, 
an | exhalation arises from. it, which is called _ 
The tail is 8 ee to thas 8 of, tbe 
heavens which is directly or nearly opposite to the 
sun, and is greater and brighter after the comet 
has passed its perihelium, than in its approach to 

it; being — of all when it has jus. — 
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a prodigious size, extending from the head to a 
distance ere . to W of the sun from 
the earth. og 1 

No e antes hed hs e 
concerning the cause of that train of light which 
accompanies the comets. Some philosophers ima- 
gine that it is the rarer atmosphere of the comet, 
impelled by the sun's rays. Others, that it is the at- 
mosphere of the comet rising in the solar atmos- 


phere; by its specific levity: while others imagine 


that it is a phenomenon of the same kind with the 
aurora borealis, and that this earth would appear 


' ike a comet to a spectator placed in another planet. 


The number of the comets is certainly very 5 
great, considerably beyond any estimation that 
might be e ons * nee we now 
1 

Though astronomers b des e 1 


bour in calculating the periods of comets, and 


much attention to account for their phenomena, 
yet experienee bears no testimony in favour of 
their opinions, nor have modern calculators had 
better success. Indeed the immense distances to 
which they are mee to run N are a 5 
bhypothetical. 5 
There are, 9 not thinks the 3 astro- 5 
| homy- of comets well established; and as 80 many 
small ones are frequently seen, they think that no- 
thing can be determined with certainty, till some 


better marks are discovered for distinguishing one 


4 
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from another, than any at present known; and 
that even the accomplishment of Dr. Halley's pre- 
diction is uncertain: for it is very singular, that 
out of four years, in which three comets appeared, 
the only one in which no comet was to be seen, 
should be that very year in which the greatest as- 
tronomers that ever existed had foretold the ap- 
pearance of one; and in accounting for its non- 
appearance, Mr. Clairault would have been equally 
supported by cometic evidence, whether he had 
concluded the comet to have been retarded or ac- 
celerated/by the action of Jupiter and Saturn. A 
comet appeared in 1757, as well as in 1755; and 
had he determined the retardation of the comet to 
be twice as great as he did, another nn in 
1 Nude to have en his e 


OF THE TELESCOPIC nn OF THE 
PLANETS, 


- Though by the telescope we have bers 1 led on- 
ac in our advances towards a more perfect 
knowledge of the heavenly, bodies, and astronomy 

being raised from little more than a catalogue of 

stars into a seience; yet by this instrument men 
bave been led into errors, and astronomers have 
indulged in speculations that equally deviate from 
sound reason, and _u ane of common 
sene. { 1 

The ——_— of whaling in allo ages, have 

3 the sun as a mass of pure elementary 
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fire, eng from the creation, and 3 


by some unknown cause, without any occasion for 


the gross ſuel necessary for supporting our terres- 
trial fires. The conjectures of astronomers have 


neither been so simple nor so rational; limited in 
their conceptions, they have not been able to per- 
ceive how fire of any kind could subsist without 
fuel, and have thereſore supposed the sun and 
| earth to be of a similar substance, and consequent- 
ly. that the earth itself would be a sun if set on 


fre. Sir Haac Newton: has even proposed it as a 


query, whether the sun and fixed stars are not 


great eartis made vehemently hot, whose parts are 
kept from fuming away by the vast weight and 
density of their superincumbent atmosphere, and 
whose heat is preserved by the prodigious action 
and re- action of their parts? Others have ima- 
gined the sun to be a body of quite a different na- 


ture, and have even denied him to be possessed 


of any inherent heat, though they allow him the 
power of producing it in other bodies. Some 
bave supposed, that the main body of the sun has 


neither light nor heat, but chat it consists af a vas? 
dari globe, surroundęd on all sides with a thin 
covering of aerial or foggy matter immensely 


splendid, nee ln * e e possesses, 
S &. nn £146 an en 1 e's 


RR 


THe ks 8 for these wild conjectures, 


is the appearance of the sun _ telescopes. 


b — it through these 1 instruments, his face 
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zs found not to be equally bright in all its parts. 
Asslightly spotted appearance, chiefly on or near 
the edges, is commonly taken notice of ; and very 
frequently dark spots of various shapes and sizes 
are perceived trayersing the disc from one ed ge-to 
the other. These spots appear at uncertain inter- 

vals, and often change their form while they are 
passing over the solar disc, or are broken in pieces, 
enlarge and diminish by causes of which we are 
ignorant. i 

Those who adhere to the calc of Sir Isaac 
| Newton, suppose the spots to be the smoke of new 
and immense volcanoes breaking out in the body 
of the sun himself; while those who are pleased 
with the suppositions of Professor Wilson, imagine 
them to be the dark globe rendered visible by the 
displacement of the shining and ee 
matter. = 

Though it would be PEI Sone our ohm. to 
spend our time in speculations on subjects removed 
so far beyond the reach of human investigation; 
yet we can scarce refrain from observing, that 
there is no foundation for supposing that the sun 
has any solid body. Meteors, resembling that glo- 
rious luminary i in splendor; have been known to 
arise in the higher parts of our atmosphere, though 
their continuance there has been but for a short 
time. No one supposes that they have any solid 
body. It is not therefore unreasonable to suppose 
the sun to be a vast collection of elementary fire 
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and light, which being sent out from him, by 
means unknown to us, and having accomplished 
the purposes for which they are designed, perpe- 
tually return to him, are sent out again, and so on. 
Thus the sun continues to burn unsupported by 
any terrestrial fuel, and without the least tendency 
to diminution or possibility of decay. 

Of the Moon. From the appearance of this lu- 
minary through a telescope, it seems probable, 
that there are great inequalities on her surface. 
Viewing her at any time, except when full, we see 
one of the sides notched and toothed like a saw. 
Many small points appear like stars at a small dis- 
| tance from the main luminous body, which join it 
in a little time. These are considered as the tops 
of high mountains, which catch the light of the sun 
sooner than the other parts which are lower. That 
these very shining parts are higher than the rest of 
the surface, is evident from the appearance of their 
shadows, which lengthen and shorten according to 
their situation with respect to the sun. Some as- 
tronomers have undoubtedly made the mountains 
of the moon extravagantly high ; they have been 
much reduced by modern calculators. Dr. Her- 
schel has thought he discovered volcanoes on her 
disc. And it is supposed she has an atmosphere, 
because the limb of the sun has been observed to 
tremble just before the beginning of a solar eclipse, 
and because the planets become oval at the begin- 
ning of an occultation behind the moon. 


\ 
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Mercury being always near the sun, nothing 
more is. distinguished by the telescope, than a va- 
riation of his figure, which is sometimes that of a 
half moon, sometimes a little more or less than 
half. oy 

Venus, when in the form of a crescent, and at 
: ber brightest times, affords a very pleasing teles- 
copic view, her surface being diversified with spots 
like the moon. The diurnal motion of this planet; 
both as to its period and direction, has not hitherto 
been decidedly ascertained : Dr. Herschel con- 
cludes from his observations, that its atmosphere 
is very considerable. He has not been able to 
find the least trace of mountains, and ridicules 
those observers who have seen such as exceed four, 
five, or even six times the height of Chimboraco, | 
the highest of our mountains. | | 

Mars always appears round except at t the qua- 
dratures, when its disc is like that of the moo 
about three days after the full. Its atmosphere is 
from the ruddiness of the planet supposed to be 
very dense; spots are discovered on his surface, 
but they do not appear fixed: Dr. Herschel has 
observed two white luminous circles surrounding 
the poles of this planet, which he supposes to arise 
from the snow lying about those parts. | 

The surface of Jupiter is distinguished by cers 
tain bands or belts, of a duskiet colour than the 
rest of his surface, running parallel to each other 
and to the plane of his orbit. They are neither 

M 2 N 
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regular nor constant in their appearance, some- 


times more, sometimes fewer being perceived; 


their breadth varies, and sometimes one or more 


spots are formed between the belts. t 
Saturn s distance does not permit us with com- 


mon instruments to distinguish many varieties on 


bis surſace, but his ring is a fruitful source for as- 


— 


tronomical speculation. Dr. Herschel, by means 
of his powerful instruments, has discovered a mul- 


tiplicity of regular belts, which did not change 


much during the course of his observations. From 


these he has found, that Saturn has a pretty quick 


rotation upon its axis, which he has fixed at 10 h. 
16 min. O sec. He has also shewn, that the ring 
of Saturn is divisible into two concentric rings of 


unequal dimensions and breadth, situated in one 


plane, which is probably not much inclined to the 
equator of the planet. These rings are at a con- 


siderable distance from each other, the smallest 
being much less in diameter at the outside, than 
the largest is at the inside: the two rings are en- 


tirely detached from each other, SO as plainly to 


permit the open heavens to be seen W the 
vacancy between them. 


Thougb much has been unfolded to you in the 


course of this essay, upon a little consideration, 
vou will find the things, of which you remain ig- 
© norant, infinitely exceed those which you know. 
It is with us as with a child, that thinks if he could 

but Just come to such a field, or climb to the top 


-— 
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of zuch a hill; he should be able to touch the sky; 
but no sooner is he come thither, than he finds it 
as far off as it was before. | | 
It may perhaps be useful to point out to you the 
littleness of human knowledge, even in those sub- 
jects of which we have been treating; and this 1 
shall do principally in the words of a late writer. 
How far does the universe extend, and where 
are the limits thereof? Where did the CREATOR 
* $tay his rapid wheels?“ where “ fix the golden 
compasses ?” Certainly HIMSELF alone is without 
bounds, but all ns works are finite. He must 
therefore have _ at some poke of Space, 


— Be these thy bounds ; j | 
+ 2M be thy just circumference, O world! 


Here the eee. must be lent, and wave 
all calculations, as there can be no ratio between 
bounded and boundless space, even though the 
magnitude of the former were taken at the utmost 
limit man can conceive, or numbers express. But 
where are the boundaries? Who can tell? All 
beyond the fixed stars is utterly hid from the chll- 
dren of men. 

Bat what do we know of the fixed * A 
great deal, one would imagine; since, like the. 
MOST HIGH, we too tell their members, yea, and 
call them by their names! But what are those that 
are named, in comparison with those which our 
glasses . What are two or * thou- 


1. f is 
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| rand, to those we discover in the milky way alone 


How many then are there in the whole expanse ? 
But to what end do they serve? To illuminate - 


worlds, and impart. light and heat to their several 


choirs of planets? or to gild the extremities of the 
solar sphere, and minister to the ee virculs- ” 


tion of light and spirit? 


Mhat are comets? Planets not full formed, or 


lane destroyed by conflagration? or bodies of 
an wholly different nature, of which we can form 


no idea? Hoy easy it is to form a thousand con- 
Sree how hard to determine any thing con- 


cerning them! Can their huge reyolutions be 


even tolerably accounted for on the principles of 


gravitation and projection? What brings them 
back, when they have trayelled so immensely far? 


or what whirls them on, when, reasoning justly on 
the same * they should drop into the solar 
__ 

What i is the sun itself? It; is undoubtedly the 


most glorious of all the inanimate creatures; and 


its use we know. Gop made it to rule the day, 


RE 44 


"% of this great world both eye and coul. 


a Bat who knows of hat. substance it is composed, 


or even whether it be solid or fluid ? What are 


the spots on its surface? what its real magnitude? 


Here i is an unbounded field for conjec ture: but 
what foundation, for real knowledge 2 L. oY 
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What do we know of the feebly-shining bodies 
the planets, that move regularly round the sun? 
Their revolutions we are acquainted with; but 


who can regularly demonstrate to us either their 


magnitude or their distance, unless he assumes it 


in the usual way, inferring their magnitude from 
their distance, and the distance from the magni- 


tude. What are Jupiter's belts? What is Saturn's 
ring ?- The honest ploughman knows as well as 
the most learned astronomer. 

cc Sir Baac Newton certainly discovered more 
of the dependencies, connexions, and relations of 
the great system of the universe, than had, pre- 
vious to his time, been conceded to human pene- 
tration: yet was he forced to bottom all his rea- 
soning on the hypothesis of gravitation; of which 
he could give no other account, than that it was 
een * the ne hs rested 2922 * 
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L TREATISE | 
oN THE USE or THE | 


| TERREST RIAL AND CELESTIAL GLOBES, 
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1 | 
or THE ADVANTAGES OF GLOBES IN GENERAL, | 
FOR, ILLUSTRATING THE PRIMARY PRINCI> | 
| PLES or ASTRONOMY AND GEOGRAPHY; AND 
-PARTICULARLY or THE ADVANTAGES OF 


THE GLOBES, WHEN MOUNTED IN MY ra- 
THER s MANNER, 


Pu approbation, the opinion of Wes 
ö that excel in science, and the experience of those 
that are learning, all concur to prove that the 
| artificial representations of the earth and heayens, 
on the terrestrial and celestial globes, are the in- 
struments the best adapted to convey 1 natural and 
| genuine ideas of astronomy and geography to 
young minds. 


This superiority they derive N —w_ — 


- 
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their form and figure, which communicates a more 


just idea, and gives a more adequate representa- 


tion of the earth and heavens, than can be formed | 
from any other figure. p 

| To understand the nature of the projection of 
either sphere in plano, requires more knowledge 
of geometry than is generally possessed by begin- 
ners, its principles are more recluse, and ang solu- | 
tion of problems more obscure,* L 

The motion of the earth upon its axis is one of 


the most important principles both in geography 


and astronomy ; on it the greater part of the phe- 
nomena of the visible world depend : but there is 
no invention that can communicate so natural a 


representation of this motion, as that of a terres- 


trial globe about its axis. By a celestial globe, 
the apparent motion of the heavens is also repre- 
Sented i in.a natural and satisfactory manner. 

In order to convey a clear idea of the various 


| divisions of the earth, of. the situation of different 
: places, and to obtain an easy solution of the vari- 


ous problems i in geography, it is necessary to con- 


| eeive many imaginary circles delineated on its sur- 
: face, and to understand their relation to each 


other. Now on a globe these cireles have their 
true form; their intersections and relative posi- | 
tions are visible upon the most cursory inspection. 


; But'i in projections of the sphere in plano, the form 
pf these circles is varied, and their nature changed; 


11 * See Kel 5 introduction to $pheries, Bro, 17 96. 
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they are contequently; but ill adapted to convey 
to young minds the eee principles of grow 
graphy., 

On a 1 the appearance of. the Rk Ro” 
water is perfectly natural and continuous, fitted to 
conyey accurate ideas, and leave permanent im- 
pressions on the most tender minds; whereas in 
planispheres one-half of the globe is separated and 
disjoined from the other; and those parts, which 
are contiguous on a globe, are here separated and 
thrown at a distance from each other. The celes- 
tial globe has the same superiority over proje jections 
of the heavens in plano. 

The globe exhibits every thing in true propor- 
tion, both of figure and size; while on a plani- 
| sphere the reverse may often be observe. 
Presuming that these reasons sufficiently evince 

the great advantage of globes over either plani- 
spheres or maps, for obtaining the first N 
of astronomical and geographical knowledge, I 
proceed to point out the pre-eminence of globes | 
mounted in my father's manner, over the common, 
or rather the old and. Ptolemaic made. of. fitting 
them up... -..;... 

The great and. 3 le. of his globes 
mounted i in the best manner may be looked upon 
at least as a proof of approbation from numbers; 
to this I might also add, the encouragement they 
hays received from the principal: tutors of .both 
our uniyersities, the public sanction of the uni⸗ 
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yersity « of 1 the many editions of my father's - 


treatise on their use, and its translation into 
Dutch, &c. The recommendation of Messrs. 


Arden, Walker, Burton, &c.. public lecturers in 


natural philosophy, might also be adduced : but 


leaving these considerations, I shall proceed to 


enumerate the reasons which give them, in my 


opinion, a decided preference over n other kind 


of mounting.“ 


* The following note from Mr. Walker's Easy Introduction to 
Geography, i in favour of wy father 8 n will not, I hope, be 
deemed improper. > | 

Simplicity and Wini Should ever be studied by how 


who cultivate the young mind; and jarring, opposing, or equivo- 


cal ideas should be avoided almost as much aserror or falsehood. 
: Our globes, till of late years, were equipt with an hour circle, 
which prevented the poles from sliding through the horizon ; 

hence their rectification was generally for the place on the earth, 
instead of the guns place in the ecliptic; 3 which put the globe into 
so unnatural, and absurd a position respecting the sun, that 
young people were confounded when they compared it with the 
earth's positions during its annual rotation round that luminary; 


and considering the horizon as the boundary of day and night. 
Being, therefore, sometimes obliged to rectify for the place on the 


earth, and sometimes for the sun's place in the ecliptic, the two 
rules clash so unhappily in the pupil's mind, that few remember 
a single problem a twelvemonth after the end of their tuition. 
Globes; therefore, with the horary circle, are but partially deserib- 
ed in this treatise ; the great intention -of which is, to make the 
elevations and depressTons of the poles of a terrestrial globe to re- 
present all the situations the earth is in to the sun, for every day 
or hour through the year. The globes of Mr. Adams are the 
most favourable for the above mode of rectifieation of any plates 
we have at ponds and to make a | gui obe to represent 
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The earth, by its diurnal revolution on its axis, 
is carried round from west to east. To represent 
this real motion of the earth, and to solve pro- 
blems agreeable thereto, it is necessary that the 


8 globe, in the solution of every probl em, chou 


be moved from west to east; and ſor this purpose, 


that the divisions on the large brass cirele. should 


be on that side which looks westward. Now this 
is the case in my father's mode of mounting the 
globes, and the tutor can thereby explain with 
case the rationale of any problem to his pupil. 
But in the common mode of mounting, the globe 
must be moved from east to west, according to 
the Ptolemaic system ; and consequently, if the 
tutor endeavours to shew how thin gs obtain in na- 
ture, he must make his pupil unlearn in a degree 
what he has taught him, and by abstraction re- 
verse the method he has instructed him to use; za 
practice that we hope will not be _dopted * 
g. z! | 
The celestial globe bldg intended to meet 
the apparent' motion of 'the heavens, Should be 
moved, when used, from east to west. 9 
Of the phenomena to be explained by the ter- 
restrial globe, the most material are those which 


all the positions of one revolving round the sun, turning on an 


inclined axis, and keeping that axis altogether parallel to itself, 


his globes are better adapted than any, I belieye, in War. 


„ See the Rey. Mr. Hutchins's New Treatise en the Globes, 
pP. 3; Adams's Treatise on the Globes, 6 ae e TE n 
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relate to the changes in the seasons; all the pro- 

blems connected with, or depending upon these 

phenomena, are explained in a clear, familiar, and 

natural manner, by the globe, when mounted in 
my father's mode ; for on rectifying it for any par- 
ticular day of the month, it immediately exhibits 
to the pupil the exact situation of the globe of the 

earth for that day; and while he is solving his pro- 

blem, the reason and foundation of it presents it- 
self to the eye and understanding. | 

The globe may also be placed with ease in hs 
position of a right sphere; a circumstance ex- 
ceedingly useful, and which the old construction 
of the globes did not admit of. 

By the application of a moveable meridian, and 
an artificial horizon connected with it, it is easy 
to explain why the sun, although he be always in 
one and the same place, appears to the inhabitants 
of the earth at different altitudes, and in different 
azimuths, which cannot be so readily done with 

the common globes. | 

On the celestial globe chere is a moveable circle 
of declination, with an artificial sun. 

The brass wires placed under the globes, serve 

„ distinguish, in a natural and satisfactory man- 
ner, twilight from total darkness, and the reasoh 
of the length of its duration. | 

The next point, wherein they 3 differ 
from other globes, is in the hour circle. Now it. 

must be confessed, that to every contrivance that 


% # 0D 


5 * 


* 
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bas bath wn for this purpose 6thyte is some ob- 
jection, and probably. no mode can be hit upon 
that will be perfectly free from them. The method 
adopted by my father appears to me the least ex- 
ceptionable, and to possess some advantages over 
every other method I am acquainted with. Agree- 
able to the opinion of the first astronomers, among 
others of M. de la Lande, be uses the equator for 
the hour cirele, not only as the largest, but also 
as the most natural circle that could be employed 
for that purpose, and by which alone the solution 
of problems could be obtained with the greatest 
accuracy. As on the terrestrial globe, the longi- 
tude of different places is reckoned on this circle; 
and on the celestial, the right ascension of the 


FR stars, &c. it familiarizes the young pupil with 


them, and their reduction to time. This method 
does not-in the least impede the motion of the 
globe; but while it affords an equal facility of ele- 


vating either the north or south pole, it prevents 


the pupil from placing them in a wrong position; 
while the horary wire secures the 1 from Mg | 
out of the frame. 

Another circumstance Ms to these globes, 
is the mode of fixing the compass. It is self- 
evident, that the tutor, who is willing to give cor- 
rect ideas to his pupil, should always make him 


keep the globes with the north pole directed to- 


- _ wards the north pole of the heavens, and that, both 


m the xotation of Rs and the explanation of 


«ted A 
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phenomena. By means of the compass, the ter- 
restrial globe is made to supply the purpose of a 
tellurian, when such an instrument is not at hand. 
I cannot terminate this paragraph, without testify= 
ing my disapprobation of a mode adopted by some, 
of making the globe turn round upon a pin in the 
pillar on which it is supported; a mode, that, 
while it can give little but relief to indolence, is 
less firm in its construction, and tends to introduce 
much confusion in the mind of the pupil. | 
In order to prevent that confusion and perplex- 
ity which necessarily arises in a young mind, when 
names are made use of which do not properly cha- 
racterize the subject, my father found it neces- 
sary, with Mr. Hutchins, to term that broad wood- 
en circle which supports the globe, and on which 
the signs of the ecliptic and the days of the month 
are engraved, the broad paper circle, instead of 
horizon, by which it had been heretofore denomi- 
nated. The 'propriety of this change will be evi- 
dent to all those who consider, that this circle in 
some cases represents that which divides light from. 
darkness, in others the horizon, and sometimes 
the ecliptic. For similar reasons, he was induced 
to call the brazen circle, in which the globes are 
suspen ded, the Strong brass circle. | 
In a word, many operations may be 5 | 
by these globes, which cannot be solved by those 
mounted in the common manner; while all that 
they can solve may be performed by these, and that 


\ 3 
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with a greater degree of perspicuity ; ; and many 


problems may be performed by these at qne view, 


which on "ws other globes require successive ope 
rations. | | 0 | 
But as, notwirbsanding their vuperiority, the 
eee in price may make some persons prefer 
the old construction, it may be proper to inform 
them, that they may have my father's globes 
mounted in the old manner, at the usual prices. * 
„er Jate author's recommendation and arguments herein 
given, in favour of his father's globes, cannot now be fully admit- 


ted. - There always have been some few i inconveniences attending 
his mode of mounting, which is unnecessary to point out here. 


Globes being machines of illustration and exemplification only, f 
and not designed for accurate calculation, I have always adopted 


and advised that mode of construction which is the most simple 
and perspicuous to the beginner in the solving of the problems; 11 
therefore think it very proper to acquaint the reader, that there 
are now just completed, riew sets of plates for 18 and 12 inch 


globes, under the title of the NEW BRITISH GLOBES. Itis 


now more than 40 years since the plates for the 17-inch of Senex's 
and the 18-inch of Adams's were engraved, and the important 
discoveries both geographical and astronomical that have recent-. 
ly been made, have afforded the opportunity of contributing to 


render the above new globes the most complete of any extant. 


On the terrestrial are inserted all the latest communications and 
places, from authentic observations, and engraved from a drawing 

by Mr. Arrorusmith; and on the celestial are placed near 6000 
stars, clusters, planetary nebulæ, &c. from the latest observations 
of Dr. Maskelyne, Dr. Hersc bel, &c. as computed by me for the 
year 1800, so that these globes may be considered as properly 


adapted for the next century, and to supereede all former globes. 


For further particplars, I must. refer the reader to a Treatise on 
their uses, with a great variety of problems and examples, that 1 
have compiled, NE am now * at the — Emir, 


* 
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. / © DEFINITIONS; 


Bron we begin ts deseribe the globes; it will be 
proper to take some notice of the properties of a 
circle, of which a 5 may, | be 5d Py be con- 


atituted, | 3 n 
- th, line i is 8 by the rotion 0 of a: a 8 nt. $i 
Let there be supposed two Pepe t e one moe. 

able, the other fixed. , FTIR. 

If the moyeable poix nt be 8 to thove directly 
towards the fixed point, it will g e in its mo- 
tion a straight lin 1 
l moveable Nat R carried routid or TY 
point, keeping. always: « the. same distance — 5 it, 
it will generate a circle, or some part © of a eirele, 


and the fixed point will be the, center of that circle; 


* 


circumference of a circle, are equal. 
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All . lines going from the center to the 


Ko gn Ws 


— 


Every straight line that passes through the cen- 


terofa globe, and is terminated at both ends by. 
its surface, is called a diameter. 


The extremities of a diameter are its is es” 
If the circumference; of a/8emicircle be turned 


round its diameter, as on an axis, it will generate 


a globe, or sphere. 
The center of the semicirele will be the center 


of the globe ; and as all points of the generating 


3 father's manner. IF F040 


; semieirele are at an equal distance from its cen- 
ter, so all the points of the surface of the generat- 
ed sphere are at an © rn distance from its center. 

: — Sr SH. 5 15 77 4 | 
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+ ws ; 


"tele, are two artificial globes.” "On the surface 
'f one 550 4 the heavens are deli neated ; ; this is 


called the celestial globe. The other, on which 
the surface of the earth 1 is degoribed, i is | called 5 
terrestrial "globe. 


20 4410 i 4 4.3 +} 1 


Plate 2s fs. 2, 175 we celestial, plans 
e 481 mounted in #40 


(11 S387 9 1h [4 FE I01 251 


i 8 


In using 1 the celestial al ge we are. to Wb 


3 | ouraelyes as at the center. 1 OY Wp „ e 


In using the terrestrial globe, Vewbtbins 


inne HW 11 
 vureelyes: on some oy 0 jt pans wy wg 
End, 3H 91-10 12 119 — 11180 1 77 4% K 332 Tis 
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5 The motion of the terroxtral globe Feprovtnts 
che real motion of the earth. 5 Weh 
The motion of the celestial globe ropregemts t the 
| e motion of the heavens. 

The motion, therefore, of the celextal globe, is 
a motion from east to west. "i 

But the motion of the terrextral ben is a mo- 
ties from tes 40 i 11s 1501990) DIES. - 

On the surface of ae mai 8 0 
Free every one of which may be applied 
what bas been said of circles in page 194. 

The center of some of these circles is the same 
with the center of the globe; these are, by way of 
distinction, called great circles. | 

Of these great circles, some are e 

The graduated circles are divided into 360?, or 
equal parts, 90 of which make a a quarter of a circle, 
or a quadrant. . . 
Those circles, whose centers do not pass 
e the center of the. globe, are called lenser 
circles. % OS ON! 

The 3 are ak of 3 ds at ae 
Pon brass circle N Z. A 8, and turn 
therein upon two iron pins, which are the axis of 
| the globe ; they have each a thin brass semicirele 
NHS; Moveable about these poles; with a small 
thin circle H sliding thereon i it is HO 8 . 6 
way; to:g0? from the equator; to either pole. 
On che terrestrial globe this semicirele is a 

moveable meridians. Its small nnn which - 
: | N My 


4 7 * 8 f 
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is 8 1 a few ofthe ee the mariners 

| non, is called a zerrestrial or vinible horizon. |' 
On the celestial globe this semieirele is a move- 
able circle of declination, and its e . circle 
an artificial sun, or planet. 
Each globe has a brag « wire dai Tw Y, 
placed at the limits of the crepusculum, or twi- 
light, which, together with the globe, is mounted : 
in a wooden frame. The upper part, B C, is cov- 
ered with! a broad paper circle, whose plane divides 
the globe into two hemispheres; and the whole is 
supported by a neat pillar and claw, with a We 
netic: nn, * eee eee A Te 


8 * 1 
. . ? 13 , 8 
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A DESCRIPTION op. "THE, ermoLss DESCRIBED 
ON THE BROAD. PAPER CIRCLE BE; TOGE- 
1 yh. WITH A GENERAL ACCOUNT or 17s 
8 1 8 e 1 ee e e 


, : 
© $44.4 2 8 1 - #\ 


It Ale four concentric ids: aeg eie 
jnnermost of which i is divided into 360?, and num- 
| bered into four quadrants, beginning at the east 
and west points, and proceeding each way to 9055 
at the north and south points: these are the four 
ardimal points of the horizon. The second cir- 
buiue pace contains, at equal distances, the thirty- 
two points of the mariner's compass. Another cir- 
cular space is divided. into twelve equal parts, re- 
| presenting the twelve signs of the zodiac; these 
are again subdivided into 30 degrees each, between 


15 


2 * 
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which are engraved their names and 8 | 
This space is connected with à fourth, which 
contains the calender of the months and days; 
each day, on the eighteen inch globes, being di- 
vided into four parts, ex pressing the four cardinal 
points of the day, according to the Julian reckon- 
ing; by which means the sun's place is very nearly  . 
obtained ſor the common years after bissextile, 
and: the fate polar 2 Agented:withgudceDo- 
fusion. ie olg 187 501: 63: 2enoied-1 16111 A 

In all positions IX the 5 1 0 10 broad 


paper cirele. represents the plane of the horizon, 


and distinguisbes the visible from the invisible 
part of the heavens; but in the terrestrid] globe, | 
this. applied to three different uses. is Han 2 IGG | 
I. Toi{distingoish the points of he En, 
In this case * en the ratienal horigon of 
any Place, e n bon, ole), 4k add WW 
_— re 8 5 5 to represent the eirole of liunina++ 
tion, or that Firele which separates day from night., 
3. It oceasionally represents the ecliptic , 
O the strong Brass Circle N S. One side 
of this strong brass cirele is graduated into four 
quadrants, each containing go degree. 
The numbers on two of these quadrants increase 
from the equator towards the poles; the other two 
W from the poles towards the equator. Rl 
Two of the quadrants are numbered from the 
equator, to shew the distance of any point on the 
See Faw. the NIN: The * two, are nume 


\ 


* 


WY : 
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pered from the poles; for the ors ready Selig 


1 globe to the latitude of any place. . | 
Tbe strong brass circle of the eclestial Robe is 


calle the meridian, because the auer af we: Sp 
- comes directly under i it at noon.” 9 15 


But as there are other n on 505 W 
globe, which are called meridians, We chuse to 


| denominate this the strong hrass cirele; or meridian. 


5 the west!“ 16219 eilen c 10 enot3ien: In Os 


The graduated side of the strong brass circle, 
that belon gs to the terrestrial glabe, should * 


The Sitio e of the eueng brazen) 


- 


dian of the celestial globe should face the east. 7s 
On the strong brass circle of ile terrestrial 
1 Gabe and at about 23 degrees ow each ide of 


Pole, the days bf each month are laid 
ug to the devlination of nnd, al © 
Of the Horary Circles, and their Indices, When 

the globes are mounted in-my father's: manner, we 5 


use tlie equntor as the hobr'(irele;! because it is 
not only the most hatuval, 
ther can be applied for that purpose 


ut also the wee clele 


1:/Doamiake this circle answer the purpose, a semi 


Circular wire is placed over it, carrying” two in- 


Lt f dicesʒ one on the east, the other on che west side / 
| el he atrong brass cirele. 7 EXE Hint 15 ; Hibs OTE. - 


As the: equator is divided into 36055 1 


1 wh time of one entire revolution f the earth or 
| heivens; the indices will 'shew' in what space of 


e, + ads such revolution; Sl ade am 


"as 
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the 1 which, are graduated boo. the "a 
- the equator, on either globe. / | 
As tbe motion of the mel globes is, frm. | 
west to east, the: borary. numbers, 1 merease accord- 
ing to the dirgetion. of that motion: on the celes- 
tial globe they increase from the east te the west. 
Of the, Quad Quadrant of: Altitude, 2 A. This ! 18 4 
N narrow, flexiblerslip of brass, that will bend 
to the surface of the globe; it has a nut, with a 
fiducial line upon it, which: may be readily applied 
to the divisions on the strong brass meridiagy. of 
either globe. One edge: the quadrant is divided 
into go, and the en are Pomtinged-ts a8 
below the barten. 2 dm Si deln IRIE 


2 
Hatun alinp 15 e; 81 8 An # ta" Io 3 10 ant 1 


: or mw 1 TAE eirctts Tek An Bbseffrkb 
_ Fox Ter sunr kes os Adee HE. brrum 
Pay lus) pertgoot 27 een oy $20d! atsbomimno3s 
We: _ suppose as many. oiroles to hodexcribed 
; on the surſade _ earth as we please, and con- 

ceive them to be extended to the sphers of the 
heavens, marking thereon eoncentrie cirgles : for as 
Ve are obliged, in order t0 distingnish one place 


ttom another, to appropriate names ta the, 0 ae 
ve obliged ta use different circles. an the globes, 


do distinguish the, mee and their 80 me reations 


to each other. 
8 „ e ee e Me This eirele ö 
goes round the globe exactly in the middle, be- 
byeen the e which ö 


* 
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the bande | angles be M. biker works; it is every 
| where 90? distant from each pole, and is thereſore 
a boundary, separating the northern from the 
southern hemisphere; hence it is frequently called 
the line by sailors, and when they wah over it gs 
are said to eross the line. 200 1973 
*Iti is that cirele in the heavens in which the sun 
appears to move on those two days, the one in the 

| je the other i in the autumn, when the days 
nights are of an equal length all over the 
world; and henee on the en globe it is - 4 
. nerally'called'the Nec 20.0 dot wlll 

graduated int 260 degrees!” Upon the der- 

| restrial globe the numbers increase from the meri- 
dian'of London westward, and proceed quite round 


> als > numbered, from the same 


| meridian, eastward,. by. an upper row, of figures, to 
accommodate those who use the English tables of 


Iatitude and longitude. FRI al dd Y ko es WH. 
| On the celestial globe, the equatorial Joop, s are 
numbered from WEI point of Kanes eabtward; 
5 to 360 degr es. FI 28 OT W Anu e £075 VB. 


Under the den either bb: 18 graduated 
à circle ef hours and minutes. On the celestial 
a the hours increase eastward, from Aries to 
XII at Libra, wheré they begin again in the 
same direction, and proceed to XII at Aries. But 
on the terrestrial globe, the horary numbers in- 
brease by twice twelve hours westward ow en 
meridian of London to the same _ WI £:99'7 


- 
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In turning the globe about, the equator keeps. 
always under one point of the strong brass meri- 
ian, from which point the degrees on the 255 
_ circle are numbered both ways. 75 
Of the Ecliptic--- -The-graduated-ci Fs W 5 
crosses the equator obliquely, forming with it an 
angle, of about 234 degrees, js called the ecliptic.” , 
The circle is divided into twelve equal parts, 
each of bich contains 30 degrees. The begin- 
ning of each of these 30 degrees is marked with 
the characters of the twelve signs of the zodiac. 
The sun appears always in this circle ; he ad- 


vances therein eyery day nearly a degree, ang; BY | 
- through it, exactly in.a,year. | 
The points where thus, circle grosses the equator | 
are called the equinoctial points. The one is at : 
the; beginning of Aries; the other 3tathe, beginnidg - 
of: Lihra. art ot Slog ono chen kite 2 figs 


The commencement! gf daes 99d Kae | 


____ re calledithe tolntitial points. ùj˖?U:in Vf 1 

|| — -\Thex twelve-vigns; and their.degroes, are laid 

| dqyn on the terrestrial globe; but upon the celesn 
„ globe, the days of each month are ee | 


Just under the eoliptie- "x 4 id fg geo es 8 


The ecliptie bang poet to te eden 
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; earth's pes Wenn one pole to the other, and 
5 crossing the equator at right angles 
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EATING To Loxorrobs AN ND arge 
28 A 00 2 1 eee neee £09} elle ay 


Unesg goidg over the 


> ASE * 


* / 


Whatever pony e erer ace 5 


_ Hs + L fe = 


iT: to have a "dis line passing over its ae. „ F- f 
nith from north to Won, and | going eee the 5 
* of the world. Es . : 


Thus the meridian of Paris is one tes: the 
| meridian of London Is tat ; variety of 


oy 
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meridians is satisfactorily represented ewike; globe 
by the moveable meridian; which? maybe set to 
every individual point of the ig coor 1 put _ 
rootly over an) particular place: 
 *Whensoever we move towards the east or west 
we change our meridian; but we. de fot change 
dur moortGati' if we eee to the north 6r 
$6uth30 01144 57 70 Nora! 1 0207 VERDI ov 
The vai: GHG Ae btb Tt TH poles or 
te earth divide every meridian into set. 
eireles, one of 'which' passes through” the place : 
whoge meridian it is, the other through a point o 
the earth, opposite to that place. . 1 8 dan 
Hence it is, that writers i in geography and astro 
nomy generally mean by the meridium of any place 
the ise1icircle which passes through that” place 
these, therefore, may be. called the geôg graphical 2 
8 RO OE Doty Bong n 0 508 = 
Alu places lying under the same semicirele re 
ald to have be em meridias'; auc ile Verb. 
cirele opposite to dt is called the bppo#}te H , 
or sometimes the Gpposite part of the mefidian-— 
From the foregoing definitions, it Is tlear that 
the meridian of any place is immoveably fixed 0 
that place, and is carried found W with it by 
the rotation of the globe: vo Þ gow 
Wen the meridian of any Slacail by the reyo⸗ 


lation 6f che earth brought to pointat the an, it 7 


is noon, eee ee Ab 5 


EN Bets ia Sims + 240009 


1 . 
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4 The plane of che meridian of any place may be 
1 imagined to *. dende to the — of the. fixed 
. stars. ebase 
5 When, by the motion of Wessi the plane of 
2 meridian comes to any point in the heavens as 
0 the. sun, moon, &. that point, &e, is then said 
to come toithe meridian. It is in this sense that 


ve generally use the expression of the sun or stars 


= ge in ene 


5 thus determine i its 3 situation. 


en n Je zan e She, meridian, ; Ar 57 | 


arge day in a given en the noon of. the 

gay following. in. the: ade aes is called & natu- 
ral day. FFF cre W. res ety” 
ol places: which, lie under ie zame. meridian, 
baye their noon, and every other hour of; the na- 
tural, day, at the samę time. Arn hot at 18 | 


$* 3 


2 enden, 5 S 5 1 5 Eg ret > Non 1 
n order to Segen the n point, 
there must first be settled part of the earth's sur- 
| face, from which to measure; and as the point to 
be ascertained may lie in any part of- the-carth's 
- zurface;; and as this surface is spherical, the place 
from whence we measure must be a circle... It 
would be necessary, however, to -establish two 
such cireles; one, to know. a any place may 
be east or west of another; the second, ig know 
its distance north or south of the given point, and 2 


- 
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Hence it has been customary for- geographers 
to fix upon the meridian of some remarkable place 
as a first meridian or standard; and to reckon the 
distance of any place to the east or west, or its 
longitude, by its distance from the first meridian. 
On English globes, this first meridian is made to 
Pass through London. The position of this first 
meridian is arbitrary, because on a globe, properly 
speaking, there is neither beginning nor end. 
The first person (whose works at least are come 
down to us) who computed the distances of places 
by longitudes and latitudes, was eee 

the. year after Christ 140. 

The longitude of any place is its ae from i 
the first Rs measured boa FR! on the. 
| equator. 19.59; | 
To find the 8 of. a place; is to Bud 
what, degree on the een the meridian ot: that 
place crosses. | 
ell Al places that he aides Fr same . | 

re said to have the same longitude; all places 
| ne lie under different meridians, are said to have _ 
different longitudes this difference may be east 
or west, and consequently the difference of longi- 
tude between any two places is the distance of 
their meridians from each other enn on the 

nme MG. 249 

Thus; if the: Ai hg of: any eee cuts 8 
| en in a point, which is fifteen degrees east 
trom that point where the meridian of London 
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1 4 
- 
- 
. 


6 /, 


| 206 or LONGITUDE AND LATITUDE: 


euts the "TIONS that Ve TOE is 1 to differ from 


London in longitude; 15 degrees eastward. 
Upon the terrestrial globe there are 24 . 


ans, dividing the equator into 24 equal parts, 


which are the hour nme of the Wet rough 

which. chey pass.. in n eee e 
The distance of alice mais 3 each 

eher is 68 degrees; or the 24th part of 360 de- 


grees; thus 15 degrees is equal to one hour. 


— ee 


moeridian points at the sun, one hour after that 
meridian which is next to it eastward; and thus 
they successively point at che sun every hour, 80 
that the planes of the 24 meridian semicircles being 
en pass through the sun in a natural day. 
J0 illustrate this, suppose the plane of the 
| nag brass meridian to coincide with the sun, 
„ bring London to this meridian, and then move the 
globe round, and you will find these 24 meridians 
— pass under the strong brass metidian, 
at one hour's distance from each other; till in 24 
hours the earth will return to the same situation, 
and the meridian of London will n en 
e strong brass eee bog ags 
Buy passing the globe round, as in 0 eee 
article, it will be evident to the pupil, that if one 
of these meridians, 15 degrees east of London, 
comes to the. strong brass meridian, or points at 
the} gun; one hour ene en ne” 


two hours sooner, and so on; and consequently 
they will have noon, and every other hour, 80 


much sooner than at London; while those, whose 


meridian is 15 degrees westward from London, 
will have noon, and every other hour of the day, 
one hour later than at London; and so on, in 


proportion to the difference of longitude. These 


definitions being well understood, the pupil will 


be prepared not only to I but se see the r b | 


of — n N 79 


CLUES ob. 
» 1 2 


PE n 15 Th find the re 1 ay gh | 


on the globe... 


* 8 
* 4 4 $ 


distance of any place from the first meridian mea- 
sured on the equator. Therefore, either set the 
moveable meridian to the place, or bring the 


place under the strong brass meridian, and that 
degree of the equator, which is cut by either of, 


' the brazen meridians, is the longitude in degrees 
and minutes, or the hour and minute of OI 


_ gitude expressed in time. 0 


As the given place may lie Siber east or west 10. 
the first ene the PEO: _ be e 


accordingly. Bad 37 SYS: 75 dd 55 5 7 Hay. 1 N 
e the loagitds: 
always westward from the first meridian ;- wann FR 


It appears most 3 to 


PROBLEMS. „ 


Tbe reader ein dad ns difficulty in e this . 
ease if he recollects the definition we have: - 
given of the word longitude, namely, that it is the "Ih 


_ 
, % 
* ” 
oo») I". e CORR. eee 0 * * _ 
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% 


_ Euistomary to reckon one-half” round the globe 
eastward; the other half westward from the first 
meridian. To aceommodate those who may pre- 
ſer either of these plans, there are two sets of 
numbers on our globe: the numbers nearest the 
cequator increase westward, from the meridian of 
London quite round the globe to 3607 degrees, 
_ over which another set of numbers is engraved, 
which increase the contrary way; so that the 
longitude may be reckoned upon the equator, 5 
either east or west. 

Example. Bring Regen: , In, New England, to 
e graduated edge of either the stron g brass, or 
of the moveable meridian, and you will find its 
bongitude in degrees to be 705, or 4 h. 42 min. in 
_ time; Rome 123 degrees east, or 50 min. in time; 
Charles ee n e is 79 ee 50 min. 

5% 8 111 Croat Mp7 ain ee 

ab 11. 1 e the «erence Y aue 
enen ce one W e 
36 eee 7d trees <l 
--If the 10 OWE?! ROO is meant why a 
difference of longitude, the rule for the: solution 


of this problem will naturally occur to his mind. 
Nou the difference of Longitude benen a 
. tao, places is, the quantity of an angle (at the 


pole) made by the meridians of those places mea - , 


aired on the equator. To express this angle upon | 
tie globe, bring the moveable meridian to one f 


1 
* 
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the places, and the other place under the strong 
brass circle, and the required angle is contained | 
between these two. meridians, the measure or 
quantity of which is to be counted on the equator. . 
Example. I find the longitude of Rome to be 
125 east, that of Constantinople to beè 29; the 
difference is 17 degrees. Again, I find Jerusa- 
lem has 35 deg. 25 min. east longitude from 
London; and Pekin in China, 116 deg. 52 min. 


To east longitude; the difference is 81 deg. 27 min. 


chat' is, Pekin is 81 deg. 2) min. east longitüde 
from Jerusalem; or Jerusalem i is 81 deg; 27 min, 
west longitude from Pekin. iir 1 10 1 
If one place is east and the other west of is 
fret meridian, either find the longitude of both 
places westw-ard; by khat set of numbers which 
inerease westward from the meridian of London 
to 360 deg. and the difference between the num- 
ber thus foundis the anstber ta; the question: or; 
add the east and west longitudes, and the sum is 
the differenes of longitude: thus the longitude of 
Rome is 12 deg. 30 min. enst; of Charles Town; 
79 degi 50 min! west; t eee N 20 tuin. 5 
eee 6 licht zi n HRT - - 
* It Wees bebe bers wanne af. 
rence in time is the game with the difference» af Ion. 
zihude3eonmmguentlyi that: some of the following. 
problems. are only particular cases of this problem 
r readier modes of computing this difference. 151 
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= Poesie r. 7. N al ci pac where i ” 
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Eb | 7 BOOTY Bring a 0 d the bite. 
Ck and set the index to the uppermost XII; 
then turn the globe till the inden points to the 
eien our, and I be IP] 15 e e 
under the meridia. 
. as the diurnal motion . ety is (form: west 
do esst, it is plain that all places which are to tbe 
= east of any meridian, must necessarily pass by the 
sun before) a n LINN: is to wy" west can 


7 1 


= + arrive at e bait n, ok 
wwe B. A i in my father's TOE as: XII, or 
5 5 ee OBEY passes through London, you bave 
: Me only to bring the given hour'to the east of London, 
i in the morning, to the brass meridian, and all 
=_- dose places which are under it will have noon nt 
the given hour; but bring the gyenchour Welty 
5 ward of London, if it be in the aſternoon. 
5 e When it is 4 h. 50 min; in bees * 
i Paris, it is noon at New Britain, Ne —_ 5 
N Domingo, agg ee Ss 
I A PS del Fuego. . Sn N A Aan 
=: When it is Pb mi 3 in ae . 
pan, it i8 e e ee eee 
| 3 es, i ogy ina bend care Ito e obo 4 19101 9 2 
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PROBLEM IV. V ien it is noon at 5 28; a 
5 find _ hour EF the day it is at nn 


3 ies the 8 at hich it is n 5 
che strong brass meridian, and set the hour index 
to the uppermost XII, and then turn the globe 
about till the other place comes under the strong 
brass meridian, and the hour index will shew upon 

the equator the required hour. If to the eastward 
ol the place where it is noon, the hour found will 
be in the ae if 9 K westward, it wil be 
in the forenoon. ene e Gatti 401g 54417 

Thus, when it is mi at London, i it is 50 min. 
past XII at Rome; 32. min, past VII in che eve- 
ning at Canton, in China; 15 min. en a 
: eee ap | * 


- 22 i * ty, by L 2. 
qd! 


Penner v. The alle ee ang ye ale, 
wap why Bour is ir in any Other part of tie world.” 


W Ax 


3T: D938 Hie: 9 218 r * £8 2 DI 4: 103 10 n 24 111 


a Beinpohe: place where the time i is rer 
Auised- under ethe Srong brass meridian, get the 
hour indexote the. giuqn time, then turn the: globe; 
till: the; other place is under the bra, mexidian, 
and the horary; inns point the hour rer 
i quired; 2 via>noy 20 il Allignig 10 219119 611 
bus, auppese ersg af Tn o el 


in the morning, what 8! the. time at- Canton in 
China? Answer, 31 min. part IV in the after- 
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| ing as i it is further from) or 


[> ing at the 


212 OF LATITUDE. 


5 4 ; | | . | if 
noon. When it is IX in the evening at London, 


it is about 15 min. 8 IV in the afternoon. « at 
Quebec, ee, ht owned hull ha, 
Thus also, when it is III in the eee at 


| London, it is 18 min: past X in the forenoon at 


Boston. When it is VI in the morning at the 
Cape of e een * is 7 min. n ee 
ace. MIO dee eee 


i N 4 l ; f 1 i 
* ſ } 7 T x + 7-3 , n Fr ; K . a . ; — 
L TORTER 1 500 * Ss K 3 % IN : IE. Os 8 \ AJ $3; 71 7 141 : 


1 * 


3 N22 } ef} 1. >: 


or LATITUDE.” [+ wipe of 
Ii 7 hog) 4 Jen art ee 7G TY 413 yr : "I 1781 . 
I bird elfe) o served, cherche elner divides 
the globe into two hemispheres, the northern and 
che southern. PRE 36 ent e di gan, au 1 
The latitude of à place is its täuse Heim the 


equator towards the nortti or sduth pole, measured 


by degrees upon tlie mieritlign : of the place. 
All places, therefore, that lie ander the r 


; arr, said. to baye no latitude. £ 1 8 Fg 01 
1 All other, places upon, eee are 


in north or south latitude, a8 they are e on 
the north or south side of the equator; and the 


id _ be 


latitude of any place will be greater or less aboord- 


hich keep Abays ur ib ane dibwube 


5 för Snche Gcher are called parullels : 905 ba. 


If a circle, or circular line, be conceived! keep . 
ne distaßoe from te equator; it will 


be A“pürallel to the equator.”' GW \Arion 911 1 
x58 od} of VI nig .nim 16 H 25 109 
8 0 | 
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Uircles of this kind e been eee the 
terreatrial globe, on both sides of: the equator.” 4501 
| A Circle of this kind, at 10 degrees from the | 
equator, is called a parallel of 10 degrees, 19d 
When any: such parallel) passes through two 
places on the globe's r those two places 
| haveithe-Same: latitude. 21 midi 1503, bus panes 
Hence parallels to the equal ate Fred gurl | 
Iek bfdatrlade log wits noowod enoege:od D, 
There are four principal lesser circles parallel to 
the equator, which divide the globe into frre un- 
equal parts, called zones. es se 
The circle on the north side of the equator is 
called the tropic f Cancers, it just / touches the 
north part of the ecliptic, and shews the path the 
sun appears to describe, the longest diy in suinmer. 
That which! is an the but side of the equator 
is called the tropic of Capricorn it just touches 
the: soutli part of the ecliptic; and sbews the path 
the sun appears MR 91 shortest. FP 
winter. nobaod sud  .oba: fiat 214 @ 31 10 Ei 
The space between these two tropics; which 
contains about 47 degrees, was er ee the an- 
cients. the torrid one. oh EG ee boon, h 
The two polar circles are Na at the same 
distance from the poles chat 2 two e 
from the equator. i 
One of these is called the northern 4 other 
damn ler e 55 iq « nevig ed agg 


5 1 ” R 
4 - x : 
1 tf if. een F. 
MES! 4 i. , [ 


„ 2 : 4 $334 . 54488 4 $ $445 £5: #4 - %F % 
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eee eee eee 1 47 3 | : 


grees, equal ta the number of ren ted 
between the tropics. Apeneg holde wap 
= 0 The space contained within Wee other 
circle as; by the ancients, called the north — 
Lone; and that within the ane circle 
the gouth;frigid ant p 07 elyiſaitq 95097 5 125 
The. spaces between either polar cirele, and Its 
neatrdst- tropic, which! ;ontamn:'; | 
each; were called an ancients che ru temps: 


mn e e, NOR : bolla rend Tafips 
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* * * 9 
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; Presta vi. nua, an, ov op ff 
51 ag Ane 5 rl 
Age pupil compreb 
Von, he will find no diff: 
| this and some of the following $; 0 4 
Rule. Bring the placs to this graduated: ade of 
the strong brass meridian, ad the degree which 
is over it is the latitude. Thus, London will be 

| Grid 6 te have wg ade, n worth ee 


* LE) 

"OE 4 ad * 0 & 7 * 3 
4 ;. 2 Wr 2% K * Ke 92 e % 3 
eee 12 2 ie ITS 4 221311 | Tall Mt 0 fas © B42 + 
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Pen EN vi. ty 4 ill | Hos bet ol = 
have the Same latitude with any en pl ce. 3 
22 TAPS * & ages „ 5 0a; 7 þ de 8 


y . K* . at. .+ 
a 3 $6 aq pt 4+ 2 5 * a 9 = 


| Suppose the given place to be London: korg 
; the globe round, and all those places which pass 


* 


PROBLEMS, 8 21 


under Fab same point of the wrong bras Enes, 8 


are in e same ID! 


PROBLEM VIII. To ful te 4 22 of . 
| ride berween jos places.” . 


23 18. i 3118 Es 45 : 


made. If the places he in thi same 3 
bang each af them to the meridian, and aubtract 
the latitude of one fromm tlie other. If they are in 
different hemispheres, a oo! latitude. of one ta 
_ that of the other. 1017198 23: bes 251 
| "_ 'The 1 of Ton is 51 Fo 


. 7 . * 7 - — 
4 
, - - . * IS 7 8 K F 
4 1 P F ” * 819 LAEEF £75 5.3 
; oy % # 25-4 «x8 * * 


LP * 


2. mind that of Constantinople 41 deg theit dif- 


eee 10 deg. 32 min. The differencg be- 
tween London, 51 deg. 32 min- north, and the 
Cape of Lad nee 90 oh, is 84 deg. 


| 32mm, Ex1.00" | EAT "n 92 2 BIG, 43 88 97 1 107 f ups | 


x 


* 
a i oh — — # 131 8 — Be > *&#% * i «4 + — — x ' 
eb] 24/3 ee Lok WE Wh 07 LOST IL33 97 : [17 fil 


Wiel in Ix. 1. 9] An bong ade "Of. 


; 4 Place being known, 10 Tod, Nhat 97 pon hi 
11 of 5 $ID. 11 N 280 1 


* . * F = — 
* 4 4 | 2 7 — + 7 * 8 
„ BRI g 12-7 3 023. 10 ps 


T7 . Seek for. the! en i in As 
| equator, and bring the moyeable meridian to- that 
point; then count from the equator” on the meri- 

dian the degree of latitude either towards the north 
or south pole, and bring the artificial horizon to 

. that degree, and che intersection of its n 
1 * 8 is the N ny 


; 4 


% 


FT” hs, 


— -: rofl. 


ya this 8 any place not represented on 
the globe may be laid dowm theron, andi it may 
| be seen where a Ship 1 is when its latitude and lon- 
5 nk are FROWT e «YL ii 16; 1.18087 
Example. The latitude of Smyrr pa, in Asig is 
- 38 deg. 28 min. north; its longitude 27 deg. 30 
min. east of Londong therefore,>britig 2% deg. 
30min. counted eastward on che Equator; to the 
moveable meridian, and islide the diameter of the 
artificial horizon to 38 deg. 28 min. forih lati- 
tude, and its center will be correctly Te over 
Smyrna. e abba. 45 5buruel 5dT cr 
It may be proper in this place just to sbew the 
pupil, that '#he latitude of any place is always , 
to the elevation of ' the pole-of "the came place above 

_ the horizon. .' The reason of this is, that from the 5 
equator to the pole are 90 degrees, from tlie ze- 
nith to the horizon are also 90 degrees; the dis- 
tance of the zenith to the pole is common to both, 
_ and therefore if taken away from both, must leaye 
equal remains; that is, the distance from the 
equator to the zenith, which is 1555 Feine is 


equal to the ae eh obe pole. W 
Ae e ibo tlas Hen 403. 20 i un 97 aus 
Ze 94 is 48 10 9111 on $1909 nach 430; £4 


oF FINDING, THE ONG1 TUDE. 
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91 + et finding the longitude of places door i 
one of the most important problems in geograph) 5 
and 0 sqme farther: acebunt of lit, it 8 


* Li 
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presumed, will prove entertaining and useful 10 
tbecreddsr i wm an ,,in ati Yonge 08 
For what can be more interesting a a pengon 
in a long voyage, than to bè able to: tell upon What 
part of the globe he is, to know how far he has 
travelletly what distange he has to go] and how ba 
must direct his course to atriue at the: place he 
designs td visit? : Phese important partieulars ate 
all determined by knowing the latitude and lon- 
gitude f; he place: under consideratien. When 
the discovery of the compass invited the:voyager 
to quit his native shore, and venture Himself upon 
an unknown ocean, that knowledge,whjch before 
he deemed of no importance, now became a mat: 
ter of absolute necessi till. Floating in à frail 
vessel, upon an uncertain abyss he, has donsigned 
bimself to the merey of the rere be- 
knows not Where be.is.” J do gobi lhnen 2 wick 
The following instance will proye he use iʒt 
is to khowethe longitude of places at sea. The 
editor of Lord Anson s vgyage, speaking of the 
island of Juan, Fernandes, adds, , The uncer- 
tainty we were in of its position, and our standing 
in for the main on the 28th of May, in order to = 
secure a sufficient easting, when we. were indeed 
extremely near it, cost us the lives of between 70 
and 80 of our men, by our longer continuanee at 
dea; n e aa accident we ee 58 
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e exempted; bad we been furnished with . 


an account of its e as we enn _ ove 


depended on. E 9105 2 7300 oY $ 

The müde el place the en . dis- 
cover; but the longitude is a subject of the ut - 
mosb diffeulty, for the! discovery of Which 80 
many methods have been devised. It is indeed of 
so great consequence, that the Parliament of Great 
Britain proposed a reward of 10,0004 if it extended 


only to one degree of a great circle, or 60 geogra- 


- phicab miles ; 15, 000“, if found to 40 such miles ; 
and 20,000 to che person mat can find it within 
30 minutes "oP? 2 ea circle, or 30 "geographical 


miles. ite 1 » 3TH 25 ec 13 IF 5 4) SITE; 3H 


As wager e fully into Wir eri in 8 
1 says; un will, I hope; be deemed sufficient, if I 


© give such an acebount as will enable the reader to 
ſorm a general n 105 the e of 1 


. 
* ; iy : [ bs 9 160 * 1 4 5 8 1 
ant problem. 38 [2-1 1 n SELLS 16516 4 
; . 3 
R 2 3 * ; * 3 \ + ; , 5 | . ; , | * 7 


0 5 | its evident a been e answer to 


one hour in time, and consequently that the longi- 


3 re any place would be known, if we knew 
their difference in time; or in other words, how 
much sooner the sun, &c. arrives at the meridian 

ol one place, than that of another. The hours and 
degrees being in this respect commensurate, it is 


as proper to express the 12 888 of oye place in 


5 time as in * . 5 
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„bw zit is alear, that Wieden in time : 
| would be easily ascertained hy the observation of 


any instantaneous appearance in the heavens, at 


two distant places; for the difference in time at 
which the same phenomenon is observed, will be 
the distanee of the two places from each other in 
longitinde. On — HERE 0 the methods 
| jm general use are founded. 80857 & [10 on 
Phus if a clock, or watch, why eg 
to go (omiformly:3n-all: seasons, and in all places : 
sucht a watch being regulated to London time; 
wooky always she the time of the day at London; 
then the time ofcthocdny under any other meridian 
the corresponding London time, would give the 
gifferener in longitude. R 0 Sn ot N 
For suppose any person possessed of one of these 
time l pieces, to set out on a journey from London, 
i his time: piece be accurately adjusted, wherever 
be is, he will always know the hour at London 
exactly; and when he has proceeded so far either 
east ward or westward; that a difference is perceived 
betwixt the hour shewn by his time-piece, and 
those of the clocks and watches at the places to 
which he goes, the distance of those places from 
London in longitude will be known. But to 
whatever degree of perfection such movements 
may be made, yet as every mechanical instrument 


is liable to be injured by various accidents, -other  - | 


methods are obliged to be used, as the eclipses of 
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4 ” 
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ie dior 6f Jupiter'siatellites. „Thus 
dbopposing the moment of the beginning of an 
eclipse was at ten O clock at night at London, and 
by account from two observers in two pther places, 
iappears that it began with ond Of them at. nide 
o clocky and with the other at midnight; zilit is 


hour, or 15 degrees, east in longitude from Lon- 
don; the other place where it began at midnight, 
is 30 degrees distant in: west longitude from Lon- 


F 
n I of! nobtbI RIH ot 
If the place of any eerst body be computd, 
bor ea 22 ND! 


| vationidt bea, the difference-of time between the 
time of observation and the computed time, will 
be the difference of longitude in time. The moon 


the observation of her appulses to any fixed star is 
reckoned one of the wan em _y een this 


plain;»that'the place. where t begun at nine is om = 


don Eoelipses of the sun and moon do not; how-- 


_ evetzthappen/ often enough toianswer the purposes 
of navigation; and the motion ofoa:ship:iiatiigea 


_—_ . n in analmanack;; ſor every day, or 
pers of days, tony given meridian, -andthe 
nM. place of this oelestial body can be ſound by obser- 


| is found to be the most proper celestial object, and a 
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" LENGTH or THE DEGREES or LONGITUDE, 


5 5 z 4 exit 4 * 0 (SELL? 
N by * 14 9 1 4 6 ; 24 fs OE ; 111 


e the cabs bes a as giohe; 'the 


ung of a degree upon the meridian has been es- 


timated to be 69,1 miles; but as the earth is an 
oblate spheroid, the length of a degros on the 
equator will be somewhat greater. 


Whether the earth be considered as a ankles 
or a globe, all the meridians intersect one another 


at the poles. Therefore, the number of miles in a 


degree must always decrease as you go north or 


south from the equator. This is evident by in- 


spection of a globe, where the p latitude 


are found to be smaller in proportion-as they are 
nearer the pole. Hence it is that a degree of lon- 
gitude is no where the same, but upon the same 
parallel; and that a degree of longitude is equal 


to a degree of latitude only upon the equator. " 
The following table shews how many geographi- 


cal-miles, and decimal parts of a mile, would be 
contained in a degree of longitude, at each degree 


of latitude from the equator to the ipdles, if the 
earth was à perfect sphere, and the ciroumference 


of its equinoetial line 360 degrees, and Sach de- 


great wean brek imiks. © Nes, 


Phis table enables us to daterminz Us weibeity | 


with which places upon the globe revolve east- 


ward ; for the velocity is different, according to 


' SEES 


che distance of the places from the equator, being 


— 


1 D. Ae, 


e 16 g 26 53,93 
+1437 89,56 17 5/7/87 27 53,46 
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swiftest as passing through a greater space, and 50 


by degrees slower towards the pole, as passing 


through a less space in the same time. Now as 


every part of the earth is moved through the space 


of its circumſerenoe, or 360 degrees, in 24 hours; 
the space described in one hour is found by divi- 


ding 360 by 24, which gives in the quotient 15 


degrees; and so many degrees does every place 
on the earth move in an hour. The number of 


wude in ecadily found from the table.. 


miles contained in so many degrees in hs lati- | 


- Phus under the equator places revolve at ths | 


rate. of more than 1000 miles in an hour; at hon- 
n at eee wiles ir in an hour. 5 ; 
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00 60.00 10 We AQ. 50,36 


- 097 0 5999 dn 368,89 * 21 56,01 
25 42 2 1 ; 12 6600 2. 7 OI}; 55,63 4 L 3 


30183 5902 <4 {4 18 58,46 23 55,23 e 
4 59786 a 58,2 24 54,81 
18 ns 8 348, 


01 8 569742 1091208; 57% n 8 7052,97 7 


a 6036 at 401 56,76 29 52747 
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DEGREES OF LONGITUDE, + 


LAT. 


48 


10 ; Niles. 5 
51,96 


51,43 


50,88 
e 
49, 15 ; 
1 48,54 IB. 
47,92 
47,28 
46,62 
© 45,98 7; 
45,28 TY 
43,88 5 
43516 
4,08 :- 
440% 
40,159 
1 E 


50 mne 


4 
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nir. 


Deg. 


51 
52 


53 


54 
35 
857 


Miles. 


3776 
36,94 


36,11 


35,26 
34,41 
38,53 
32,68 
381% n 
30,00 
29,09 

28,17 

7% 
5 26,30 
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little before we quit this subject. For from this 
ar. it e warde er n 
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will at her return home ſind she has gained one 


"whole day of those that stayed at home; that is, 


if they reckon it May 1, the! ship's company will 
reckom it eg 2; * ee a 1 toes, or _— 
30. . 1 GRAN 

This circumstance Has bean en notice of by 


navigators. ©** It was during our stay at Mindano 
(says Capt. Dampier) that, we were, first made sen- 


sible of the change of time in the course of our 


voyage: for having travelled so far westward, 
| keeping the same course with the sun, we consc- 
quently have gained sometking insensibly in the 


length of the particular days, but have lost in the 


| talE the bulk or number of the days or hours. 


r According to the different longitudes of 
England and Mindanao, this äsle being about 210 
degrees west from the Lizard; the difference of 
time at our arrival at Mindanao ought to have 


been about fourteen hours; and 80 much we 


should have anticipated our m e ge having 


| gained i it by bearing the sun company. 8 * 


“ Now the natural day in every place 0 be | 


consonant to itself; but going about with, or 


against the sun's course, will of necessity make a 


difference in the calculation of the civil: day, be- 


tween any two places. Aecorllingly, at Minda - 
nao, and other places in the East Indies, we found 


dotli natives and Eurbpeans reckoning a day be- 
fore ust For the Europeans coming eastward, by 
: 828 RINGS of Good Hope e, in a course contrary to 


DEGREES oF LONGITUDE: „„ 


the sun and us, 8 we met, were a full day 
before us in their accounts. 4 
cf So among the Indian Mabometans, thee Fri- 
day was Thursday with us; though it was Friday 
also with those that came eastward from Europe. 
et at the Ladrone islands we found the 
Spaniards of Guam keeping the same computation 
with ourselves; the reason of which I take to be, 
that they settled that colony by a course westward. 
from Spain; the Spaniards going first to eee 
f pad thence to the Ladrone idlands,” Hin, f 
5 It is clear, from what has been said i in Fae Fn; 
. of this article, concerning both latitude and 
longitude, that if a person travel ever so far direct- 
ly towards east or west, his latitude would be al. 


ways tbe same, though Bg Jongions would. be 
continually changing Wein 
But if he went directly north or Pokey his 2 5 
gitude would continue ame bak: his latitude | 
would be perpotuall y varying. 
If he went obliquely, be would ae. bord bis 
FE. longitude... 70 
The longitude and Minde of places WES ow 
| their relative distances on the globe; : to discover, 
th erefore, their real distance, w we have recourse to. 
"hs following . r 
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51 Shall divide this ind TM ders cases. 
Cute 1. If the places He under the same meri- 
Pow Bring them up to the meridian, and mark 
the number of degrees intercepted between them. 
Multiply the number de TOE thus found by 60, 
and they will give che number of geographical 5 
miles between the tws: ee Baut if we would 
have the number of English miles, the ee 
- before found must be muftiplied by 69 4. 
Cube 2. If ebe places lie under the equator: 
Flud their ctferenee of longitude iti degrees, and 
. as in the precedipg case, by 60, or 69. 
Case 3: If dhe places lie neither under the 
e meridian,” nor under the equator. Then lay 
the quadrant of altitude over the two places, and 
mark the number of degrees intereepted between 
them. These degrees multiplied as above-then- 
ws will give the require eee 00 K 
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ples. 


The 3 of poxition is that formed been hs 
_ meridian of one of the places, and a ga * 
3 through th the other — ee 
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" Revit the Robe ts the latitude alid2enith of 
one of the places, bring that place to the strong 


brass meridian, set the graduated edge of the | 
quadrant to the other place, and the number of 


degrees contained between it and the strong brass 
meridian, is the measure of the ene e 
Thus, 35 


The angle of position between ive weste of 


Cape Clear, in Ireland, and St. Augustine, i in Flo- 


rida, is about 82 degrees north - westerly; but the 

angle of Position between St. Augustine and Cape 

e is only y about 40 degrees north- easterly. 
Hence it is plain, that the line of position, or 


azimuth, is not the same from either Place to the 


- 


other, as the comb. lines ate. a Mo 
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e era Th fut bearing of ce plc 


fron another. „ 
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The bearing of 908 sea port from anther is dei 5 
termined by a Kind of spiral, called a Thotmb- line; 
passing from one to the other; 50 a8 td make equal 
angles with all the meridians it passes by; there“ 
fore, if both places are-8fthted on the sam paral- 
lel of latitude,” their beatifg 1 is either east or west 


from each other f if they are upon the same meri- 


dian, they bear "Torth a0 South: from on, another; 


I they lie upon à thombZline, their bearing i is the 
Hine with it; 1 * they 0 net, observe to e 
gs P a 


1 
— . 
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| rhomb- Ting the two places are nearest parallel, and 

that will shew the bearing ee ee 

5 Eꝛxanple. Thus the bearing * the b 3 
point. from the island of Bermudas i is nearly E. N. E.; 

and that of Bermudas from the Lizard is W. S. W. 


both nearly upon the same SRO DoDGs but in con. 
trary directions. 


or THE TWILIGHT. e 


* 
* 2 7 "Wi 94 
- 2 oy # i hr 3 £4 hot © Fi» 


That light 958 we: hows, 1 e sun 3 
4s rights ang Wag. it te is called the twilight. . 


os Ss sun comes within 8 degrees. of 5 
the horizon, and continues till sun- rising. The 
evening twilight begins at sun- setting, and conti- 
nues till it is eighteen degrees below the horizon. 
"To illustrate the causes of the various length of 
___ twilight in different places, a wire circle is fixed 
eighteen degrees below the surface of the broad 
paper circle; so that all, those places which are 
5 above the wire circle will. have eie but it Wit | 

be dark to all those places below 5 
I haye already observed, that it is wien; to the 
5 atmosphere that we are favoured. with che light of 
the sun before de is above, and after he is below, 
dur borizon, Hence, though after sun-setting we 
receive no direct light from the sun, yet we enjoy 
its e hows 'for some time; 80 tha. the 
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Aärkness of the night does i not bras on On, 
but by degrees. e 
In a right position of the Lets! the twilights 
are quickly over, because the sun rises and sets 
nearly in a perpendicular; but! in an oblique sphere 
they last longer, the sun rising and setting ob- 
liqnely. The greater the latitude of the place, the 
longer is the duration of the twilight; 1 50 that all 
those who are in 49 degrees'of latitude have in the 
summer, near the solstice, their atmosphere en- 
lightened the whole night, the 8 8 W tl 
1 

In a parallel sphere, the belligbt tante Br ent 
months; so that the inhabitants of this position 
| have either direct or reflex light of the sun nearly 
8 AY FOE: coor as will e 270 pa be the 1 5 
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or THE: DIURNAL MOTION: or THE: EARTH, AND 
THE, PROBLEMS DBPANDING ON THAT. * 
rox. "FR 72 57 te) chi SB iy, 


As the way d motion of the earth about its axis, 
and the phenomena dependent on it, are some of 
the most essential points which a beginner ought ; 


T%. "oa 8 ed 


| „we shall now endeavour to explain 
them by the globes; and here T think the advan- , 

tage of globes mounted in my father's manner, 

over those generally used, will be very evident, 

I Have already observed, that in globes mounted 

in our manner, the motion of the terrrestrial globe 0 
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| Wei its axis represents che n motion of the 
earth, and that the horary index will point out 
upon the equator the 24 hours of one diurnal ro- 
tation, or any part of that . | 
I I shall now consider the broad paper 5/56. as 
the plane which distin guisbes light from; darkness; 
| that is, the enlightened half of the an 8 aurfaeo, 
. from that which is not enlightened; 5 
For when the sun shines upon a . * oe 
| only. upon half of it; that is, one half of the 
_globe's surface 1 1s alightened by: did. the other | 
not. : ry 
5] That the enli ghtened half may be that belt 18 
is above the broad paper circle, we en Weine | 
the sun to be i r obs 
Or let a sun be painted on the ins. over the 
: terrestrial globe, the diameter of the picture Fuel 
to the diameter of the globe. | 
Then all those places that are bös the "a 
paper circle will be in the sun's light; chat is, it 
ll be day i in all those places. | 
And all places that are below this circle will be 
out of the sun's ligt; that.3 og in all those places 
it will be night. 1 os init TEITO S689 Jen 2 
When any place on the earth's 


face comes to 
| the edge of the broad paper circle, passing out of 
the $hade i into the, light, the 499 will appear: Tung: 
at that place. Tho 52 ln og oor] r 
And. FN! a, hot is at at the. ons of de b 
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paper circle, going out of the light into the shade, 
the sun will appear at that place to be setting. 
When we view the globe in this position, we at 
once see the situation of all places in the. iltumi- 
8 nated hemisphere, whose inhabitants. enjoy the 
light. of the day. One edge of the broad paper 
circle shews at what place the sun appears rising 
at the same time; and the opposite edge shews at 
what places the sun is setting at the same time. 
The horary index shews how long a place i is 
moving from one edge to the other; that is, how 7 
long the day. or night is at that place; and, con- 
sequently, when. the globe is thus. situated, you 
; readily discover the time of the sun's rising ond | 
ne 09.907, Ben . in any given ee, | 


10 RECTIFY THE rear rer sia. LOBE, | 
To revtify. the terrestrial We is to . it in 


5 the same position in which our earth n to. is 
sun, at all or at any given times. 


That half of the earth's. ogy Ga — is en- Pl 


lightened. by the sun is not always the same; it 
differs according as the sun's declination. differs. 

J0o rectify, then, the terrestrial globe, is to bring 
| it into such a position, as that the enlightened 
half of the earth's surface Jy be all Ons: the 
. broad paper circles 
On the back side of the aloe ; ache) 

| and on each side of the north wie, the om ” 


6 * ü 
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/ 


: abt a. of the month are graduated i in two con- 
centric en N rn to the declination of the 
Sun. "IBM's SIREN — 

Bring the tay of the doit u ber! is HhaiiateTb on 
the back side of the strong brass meridian, to co- 
incide with the broad . ene and the globe 

is rectified. | e hs f 

Thus elne firdt of May t to ide AY the 
broad paper circle,” and that half of the carth's 
surface which is enlightened at any time upon that 
Wy; will 'be all at once above the said circle. 

I the horary index be set to XII, when any 
a particular place i 1s brought under the strong brass 
meridian, it will sbew the precise time of sun- 
rising and son- setting at that place, according as 
that place is brought to the eastern or western 
edge of the broad paper circle. 
Ir will also shew how long any place is in mov- 
ing from the east to the west side of the illuminated | 

disc, and-thence the length'of day and nigbt. 

It will also point out the length of the twilight, 
by chewing the time in which the place i is passing 
| from the twilight circle to the edge of the broad 

| paper. circle on the western vide; or from the edge 
of this circle on the eastern side, to the twilight 
wire, and thus delenbine the lengths" of the Whole 5 


* 


' artificial day. 100 E303 -Y 1775 2 x? * 2124 15 ; Ali 


N. B. The i wire is placed at is degrees | 
om the broad We 16 hie du 0 * 


wry "305 l bi den o jt: 
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I shall now proceed to exemplify upon the globes 2 
these particulars, at three different seasons of the 
year, viz. the summer solstice, the winter zolstice, 
and che cog or times of the equingxes. 15 


| Fön xXxIII. 1 gi the chobe in ene 
Situation, with respect to the cum, 46 our earth * in 
at the time of the Summer. golstice. 


Redtify the globe to the extremity of he avi 
sions for the month of June, or 233 degrees 1 north 
declination; that is, bring these divisions on the 
strong brass meridian to coincide with the pane 

of the broad paper circle. ö 

Then that part of the earth's surface, which is 
within the northern polar circle, will be above the 
broad paper circle, and will be in the light, and 
the inhabitants thereof will have no night. 

But all that space which is contained aha the 
southern polar circle will continue in the sbadez 
that is, it will there be continual night. . ht = 
Ins this position of the globe, the pupil "il 2 
serve Hoy much the diurnal arches, of the parallels 
of latitude decrease, as they are more at and more 

distant f from the elevated pole. 5 „ 

If any place be brought under the strong IE oy 
meridian, and the horary index | is set to that. XII 
which 1 is most elevated, and the Place be after- 
wards brought to the western side of the broad 5 
paper circle, the hour index will shew the' time of : 


7 * * 
1 


* 
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non . 


sun-rising: and when the place, is TORS to the 


eastern edge, the index points. to the time, of An- | 
setting. 


The length 4 the day is obtained by * time 
sbewn by the horary index, while the globe moves 
from the west to the east side of the hy | Paper 


| eirole. 


I * * N 2 i 
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Thus it will be Sack, that at 1 en the sun 
rises about 15 minutes before IV in the morning; 
and sets about 15 minutes aſter VIII at night. 

At tbe following places it will be nearly. at the 


| th PIER, in the table, 3 


| Se ©. tees Twi- 
4) 2 "1341 es Y Kising. Setting. of day; light. 
/5ßdd 1h Ba 
Cape Hornn . 8 444 3 16 6 822 35 
Cape of Good Hope 7 9431 9,421 43 
Rio de Janeiro, in Brazil _ 6 42 | 5 19 10 38 1 23 
Island of St. Thomas, near the. | |. |. 
: : RS er W 16 12 1 20 
80 Lucas, ny T 323 _ 5 12 246 n whe 1 35 


We also see, chat at, the s same 1 — * sun is 
neing at London, it is riding x at the isles of f Sicily 


\ and Madagas $737 £444 


1 5 . 
. * 2 1 11 4 745 VE 17 


And, that at the same time _ oy un sets 


= ins ction 
3 y opection 


at London, it is setting at the island of Madeira, 

and lat Cape Horn. 9 
And when the sun is setting at the BOS 
| Borneo, i in the East Indies, it is rising at Florida, 
in America. | 1 many other similar circum- 
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PrRoBLEMX1V. To explain'the Situation of the 
candh with respect to the Pup at' the time mrs 2 
| een golstice. 8185 83 B 


7 * 
„ 
. 


a 1 85 the globe to the extremity of the divi- 
sions for the month of Wannen or to 233 de- 
grees south deęclination. "EY 
. When it will be apparent that the wholoapore 
pres the southern polar circle. is in the sun's 
light, and enjoys continual day; whilst that of the 
northern polar circle is in the en and has con- 
wü vight.} 0 
If the globe be ee 3 as 5 jo! 
horary index will shew, that at the several places 
beſore· mentioned their days will be respectively 
equal to what their nights were at the time of the 


summer solstice. 4 


It will appear, farther, chat i 8380 now . 
at the same time in those places in which it was 
sun-rising at the same time at the summer sol- 
stice; and, on the, es. Ae at hon 
time it then appeared. to set. 


; 1 
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\PropLaM XV. 75 place the MAE 2 . vitug- 
aun 90 the earth, ut the Hines Goo nee ent 


IX? 


| The enn has cleans at the. tines of the 
consequently there must be ng. elevation 
| dere. 595 4 ("HC 3712 wet yaurts "Loon * * 87 
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Bring the day of the month when the sun enters 
the first point of Aries, or day of the month when 
the sun enters the first point of Libra, to the plane 
of the broad paper circle; then'the two poles of 
the globe will be in that plane also, and the globe 
will be in that position Which is called” 2 x "right | 
ne” 51 20, FIT 12 AL 16 Kaba 

For it is a right sphere when abe two pale are 
in the plane of the broad p aper cirele, because then 
all those circles which a parallel to the equator 
will be at right angles to that plane. 

If the globe | be now turned from west to east, i 
will plainly appear, that all places upon its surface 
are twelve hours above the broad paper circle, and 
twelve hours below it; that i is, the days are twelve 
hours long all over the earth, and the nights are 
equal to the days; whence. these' t times 175 called 

the times of equinox. ; j ne 
Two of these occur in eu rr the firs is, 
2 the autumnal, the second the vernal equinox. 
At these seasons, the sun appears to rise at the 
same time to all places that are on the same meri- 
dian. The sun sets also at dhe same time in all | 
those places. e 
Thus, if London, and Mundford on 1 Gold 

Coast, be brought to the strong brass meridian, 
the graduated side of which is in this case the 
horary index, and they be afterwards: carrigd 5 
the western edge of the broad paper cirele, the 
index will shew that the | sun rises at VI at both 


— % * FW 
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places; when they a are carried to. the eastern edge, 
the index points to VI for the time of sun- setting. 
N. B. If London be not the given place, the 
| es index is to be, set to the most elevated XII, 
while the place is under the graduated edge of the 
strong brass meridian. 5 
- The following circumstances, n asually at- 
oa the ſour cardinal divisions of the year, cannot 
be better introduced than at chis place. At the 
time of the equinoxes, when the sun passes from 
one hemisphere into the other, there is almost 
constantly some disturbance in the weather; the 
winds are then generally higher: at the vernal 
equinox they are for the most part easterly, cold, 
dry, and searching. The solstitial point of the 
summer is often distinguished by violent rains, 
and what, we call a midsummer flood. The win-⸗ 
ter being. less rainy than the summer, nothing 
particularly happens at the winter solstice, but 
that, the frosts commonly set in more severely, 
with some u of 11 9 upon ads grad. 8 
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"Tl 8 3 mich may Se an ate 
pole to pole on the moveable meridian, has been 
already described. The circumference of it is 
_ divided. into eight parts, to which are affixed 
initial lerne gl. the maine ne mpa 
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- When ce center Gf. leis vet 0 au/ particular 
place, the situation of any other place is seen, 
with respect to that place; that is, whether x they 
be east, west, north, or south, of it. ui 
It will therefor: 3 the horizon er tha 
place. ER e 35 
We shall bere __ dds ure 1 horizon, to 
bew why the sun, although be be always in one 
and the same place, appears to the inhabitants of 
the earth at een altitudes, an in wan : 
armuths. 13 e ir 1464 Oy, n Mazine | 
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e of the sun ig WP e Ke üb- 
„e Which goe from us to the sun | 
zs nearer ta, or further off from our horizon 
Let the moveable circle be applied to any place, 
ee chen will the n or ONS | yo | 
The Sun is supposed, as bales, to vie in ihs Ze-- 
nith, that is, directly over the terrestrial globe. 
If then from London a line go vertically up- 
wards, the sun "Wh be! Seen at prong in. _ | 
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best e re ee able W /duphwect 
ive will be parallel to the artificial” horizon, and | 
the sun will FR be seen in che hot 20 nun:! 


PROBLEMS, _ e 


"As the globe i is gradually turned rows the west 
towards" the east, the horizon will recede from 
that line which goes from London vertically up- 
wards; so that the line in which the sun is seen 
gets further and further from the N that is | 
the $sun's altitude increases gradually. e 

When the horizon, and the line which goes 
fon London vertically upwards, are arrived at 
the strong brass meridian, the sun is then at his 
greatest, or meridian altitude for that day, and the 
line and Hotizon are at the gun a Aae can 
make with eaeh other 

After this, the motion of the Re being con- 
tinued, the angle between the artificial horizon 

and the hne which goes from London v Iy 
upwards continually decreases, until London ar- 
rives at the eastern edge of the broad paper circle; 
its horizon then becomes vertical again, and pa- 
rallel to the line which goes vertically upwards. 
The sun will Nin n+ ah in Dog POOR ag 


will set 5 003 N 
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| Rectify the $166 U de take r he ster vbl- 
Letz by Problem xiv, een the ceniter of the 

visible horizon on London. 
When London is at the MSL edge of the 
: strong brass ineridinn, the line which es verti- 
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_ cally FAD RR, Aa an angle FP about 15 degrees; 
his is the sun's-meridian, altitude at that; 564500. to 
the. iphabitants of. Londen.) Gn ly 
If the globe be rectified. eee I equinox | 
by Problem. xv, the horizon will be farther sepa- 
rated from the line which goes vertically upwards, 
- and; makes a. greater angle therewith, it being 
about 383 degrees; chis is the sun's — ati 
e at the time of equinox at London. | 
Again, rectiſy to the summer ae Is hs. 
— and you will find the artificial horizon 
recede farther from the line which goes from 
London vertically upwards, and the angle it then 
makes is about 62 degrees, which sbews the sun's 
neridian altitude at ae time of the eee bol 
stice. n: . bab vieunioos j TY 
Her ce flows ale the bug. wibmetcl pro- 
blem. 4111 Ai bs 4 Hom ono mln tags in 
8 . 1 . n . 
5 PRORIAL x Nin 1 n the sun e meridian 
| "Y a 8 7 Age e 
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. equator, if the, Iatit ade of pr acai pie he. 
declination of the sun are both on the same side. 
If en contrary, sides, Subtract the declination 
rom the elexation of he equator, and you obtain 
the eee 1 n rio FR: de 8 
15 4» 59b 5 "HY * 5 
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Fo Thus the elevation of the etjuator at ll, 
Iden ,- fe WE 3 28 
The sun's declination on the 20th of _ 20 8 


Their sum; the Suns ae alitade 
n e Sts 5 oi; 6; 58 as, 
Again, to the dovetion of the equator a 1 oder 
London e 64 36 e 38 28 

- a the sun's greatest declination at the / 


"tim of: 5 summer ee — 5 23 49 
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The nk] is this: sun's  greates eraian al- . ; 
titude at London - - - - < — 61 57 
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Pnobixk 5 XIX. of the a1 Sun $ aximicths, as as com- 
fone with the art ificial horizon. oo 


The artifcial a serves db 0 determine - 
the sun's azimuts. 

An aim of the sun is denominated from that 
point: of the horizon, to which the A tia a: line 
going to the sun, is nearest. 

Thus if che sun, or a une going to mon. W bb | 
nearest the south-east point of the horizon, "which 
point. is 45 degrees distant from the meridian, the 
sun's azimuth is an azimuth of 45 Me e * 
sun will appear in the south- east. (6017; | 

: Imagine: the sun, as ws hav done before, to b. 

placed directly over tbe _— om 59a 59 


242 F 


In which case, a line going to the sun from any 
place on the surface of the globe, will have a ver- 

tical direction, and will go from: that wy verti- 
cally upwards. | 

If then we apply che artificial horizon. to any 

| place, the point of this horizon to which a verti- 

cal line is nearest Shews the * sun's azimuth at that 


ö 


ge OE Otero IO IC AOTON (4 b 

It is observable, a wy pas of the "Wea 
to which such a vertical line is nearest, will 15 at 
all times that point which is most elevated. 

To exemplify this, let the globe be in the posi- 
tion of a right sphere, and let the artificial eee 
be applied to Londooennn 15 , 

When London is at the western 8 of the 
| broad paper circle, which situation represents the 
time when the sun appears to rise, the eastern 
point of the artificial horizon being then most 


elevated, shews _— the sum at his N W 

east. "21 Fr 
Turn the NE till London comes to 1 
: sten edge of the broad paper circle, then the 

western point of the artificial horizon will be most 
elevated, shewing that the sun sets due west. 
Now place the globe in the position of an ob- 
| keen sphere; and, if London be brought to the 
eastern or western side of the broad paper circle, 
the vertical line will. depart more or less from the 
east and west points, in which case pee eee 
to have more or OY) 0 b. 
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10 wolf the deperture be northward, it is called nor- 
tbern amplitude; if eee it is called southern 
amplitude. n 

In whatever te the 4055 be dsds * hs 
10 comes to the strong brass meridian, the 
most elevated part of the en horizon will be 
the south point of it. 
Which sbews that at noon the sun will bene, 
and in all _—_ deen in the, south. | 
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OP THE ANCIENT DIVISIONS OF THE EARTH. 
| INTO ZONES AND. CLIMATES: 


Climates was a term ined by the ancierit astro- 
nomers to express a division of the earth, which; 
before. the markin g down the latitudes of countries 
into degrees: and minutes as in use, setved them 
for dividing the earth- into certain portions in the 
same direction; so as to speak of. any particular 
place with some degree of vertainty, ee not 
with das preist. 3 ee e e 

It wWaſs natural f the carllest he to re- 
mark; for one of the first things, the diversity that 
there was in the sün's rising ag and setting: it was 
by this they tegulated 7 7 they called climates; | 
which are a track lan the surface of the earth of 
various bread ths, being regulated by the different 


* 
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The globe is not supposed 'in this case, or under this view 
of things, over to be a limits. of the” sums de- 
| | dination. A 0 by. J TOR 220 £4345 3.46 E E207, e 

az 2 | | 


p A as * , * f 4 Ge 3 . 8 8 
W 8 0 GPG 2: 
, GIS i ⁵ ¼e!; HIDE OUR ET w. ee 
* — = n — 


244 ANCIENT DIVISIONS/OP THE EARTH. 
lengths of time between the rising and setting of 

the sun in the longest day, in different places. 
From the equator to the latitude 664 north and 
south, a climate is constituted by the difference of 
half an hour in the length of the longest day; and 
this is sufficient for understanding the ancients. 
| Between the polar circle and the pole, the length 
of the longest day, in one parallel, exceeds the 


f length of the longest in the next by a month; but 
2 
| of these the ancients knew nothing. 
170 R 4250 10 MA N | 
: cLINATES BETWEEN THE EQUATOR AND 
bon Ti POLAR CIRCLES. r 
Breadth. 
4+ tag 3 
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| 8 25 . 
7 235 07 
* 57 
- f 8 5 0 44. 4 
. bg 0431 
5 at e 
8 3 O 22 
: VO — — 1 
421415; 0 086 
: TY 1 uy 1 


| 4 2471 f Poe Fre e | 
Poe" min Ae ran in; —_ a rg, a. __ 
is, whose latitude does not exceed 664 degrees, 
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find the length of the longest day in that place, 
and subtracting 12 hours from that length, the 


number of half hours in the nnd eee | 


the. climate 5 N 7 O | 2 5 > : 4701 51 7 
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ProBLEM xx. Th fu 1 the limits 156 the climates . 


be 
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| e on the longest day; and turn the 

globe easterly till the intersection of the meridian 

with the equator that passes through Libra comes 
to the horison, and thechour of VI will then be 


under the meridian, Which in this; problem is/ the 


hour index, because the sum sets this day at places 


on the equator as it does every day at VI ofclock. 
Now turn the globe easterly, dill the time under 


the meridian is 15 min, past VIi and you will find 


that 87 34 of that graduated meridians cut by 
the horizon; z this is the beginning of the sec 
climate; and the limits of all cher climates may be 
determined; by bringing -euceessively: the: time 
equal ta half the length of the longest day under 
the meridian, and observing the degree: of the 
| airs Tg 00 out by: the wanageele ons? 
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G Aber dbion af che car's earfion; 
* by the ancients: that part which the sun 


Passes over in a * oomprebending N 


/ 
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. on Ech ade io equator, was called by the tot, 


_ ents the torrid zone. The two frigid zones are 
contained between the polar circles. Between 
the torrid and the two frigid zones are contained 
the two kene Meh each being about 43 
degrees broad. er and 90 
The latitude of a Hal being the mark of i its 
position with respect to che sun, may be coneidered - 
as à general index to the ꝛemperature of the cli- 
mate: it is, boweyer; liable to very great excep- 
tions; but to deny it absolutely, would be to genf 


lat the sun is the sonree of light and heat below. 
; 2 Nothing oan be more hidegus'or mouriful than 


tho pictures which travel s, present us of the 
polar regions. Thie seas, S6 rrounding inhospita- 
ble Ooasts; are obvered with islands of ice, that 


bade been increasing for many genturies: some of 


these islands are immersech S hundred fbet under 
the surface of the sea; and yet oſten rear up alkq 
thein oy heads more than one hundred feet above 
_ inilevel; and ure three or wur iiles in wire nf 
rence. Phe following ad HI give bomeidea 
of the scenery pun eee, weather; At 
Smearingborouigk Harbour within fred degrees 
of the pole, the country i is full of mountains, pre- 
cipices, and rocks; these are covered with ice and 
snow. In the vallies are hills of ice, which seem 
daily 0 accumulate. These hülls) assume many 
d trange and fantastic appearhnoes; sorhe booking 


. cxetes, ins, wy in full sail, 
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whales, monsters; and all the various forms: that 
fill the universe. There are seven of these ice- 
hills, which are the highest in the country. WI 
the air is clear, and the light shines full upon 
them, the prospect is inconceivably brilliant; the 
sun is reflected from them as from glass; s0me- 
times they appear of a bright hue, like sapphire; 
sometimes variegated with all the glories of the 
_ priematic colours; exceeding in the magnitude of 
lustre and beauty of colour the richest gems: in the 
world, disposed in .shapes' wonderful to behold, 
ray the eye with the brilliancy of its splen- 
dor. At 'Spitsbergen, within ten degrees of the 
pole the earth is locked up in ice till the middle 
of May; in the beginning of July the plants are 
in flower, and perfect their seeds in a- month's 
time: for, though the sun is much more oblique 
in the higher latitudes than with us, his long con- 
| tinpance | above the horizon, 1s, attended. with an 
- accumulation of heat exceeding that . many 
places under the torrid zone; and there is reason 


to suppose, that the rays of the sun, at any given 


altitude, produce greater degrees of heat in the 
condensed air of the polar en en in the 
thinner air of this climate. i 10 Se l 
- Yet; if we look for heat, 100 the W 
Phe of it, we must go to the countries 5near-the 
equator, where we shall find a scenery totally dif- 


things are upon a larger seale than in che tempe- 
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rate climates; their days are burning hot: in some 


parts their nights are piercing cold; their rains 


lasting and impetuous, like torrents; their dews 
excessive; their thunder and lightning more fre- 


quent, terrible, and dangerous; the heat burns up 


the lighter soil, and forms it into a sandy desart, 


while it quickens _ the puny tracks * e : 


* vegetation. He"; n 

The ancients! ape FR my frigid x: ho —_— 
utinbabitable from cold, and the torrid from. the 
intolerable heat of the sun; we now, boweyer, 


| know: that both are inhabited. - The sentiments 


of the ancients, therefore, in this respect, are 3 
proof bow inadequate the faculties of the human 


; mind are to discussions of this e when (hr 
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a When ih sun 41 noon is in i of any 


place; the inhabitants of that place were by the 5 : 


ancients: called asc, that is, without shadow; for | 
the shadow of a man standing upright; when the 


Bun is directly over his head; is not extended be- 
Fond d that part of the earth which is directly under 


as body, and therefore will not be visible. 
As the shadow of every bpake body üs en tended 


Som: the sun G it:follows; that when the sun at non 
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18. . from the zenith of any ena. 
Shadow of an inbabitant of that p lace, an d. indecd 
of any bez babe Wat is SFiended, bd 
: north. OM 1 red 
But _ vaſe mn. is  panhward from. the 2enith 5 
of any place, the shadow falls towards the south. 
Those axe, called amphiscii, that bave both. kinds 
of meridian aneh om dg niet wobeds aiod) 
Those, whose meridian shadows are always PrQz 
BKetech o one b ef termed heter SCH, onA I $: 
125668! 2 10 2 ing "383 18571 {287 Of SANA 155 Tel ; 
| Te TT 2 b Ml Weimbs Sn 
| er en heteroscii, and Perisoii, by the:plobe. 


oro 925 6: is evil oder ad L 
Rectify the globe to; the. ummer golstice, and 
move che artificial horizon, to, the eee 
north;pant wil be the mos. elevated at noon... 

Which sbews, that 10 those, inhabitants who, 
liygatthe equator, the sun will e season ap- 
: therefore be projected zouthwards. - OS 1 

But if vou rectify the globe to the winter sol- = 
stice, the south point being then the uppetmort 998 1 
point at non, the Same persong will at noon hae © 
tbe sun, on the South side of hem, and will pro- | 

| Sende deten. ito Mk 4 
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both ways; para ade case of all, the. ben 
Tm! the. OPS ao00 (0 647; $16 ated F 


| a Tue inhabitants of the polar ir 
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The artificial Hora pedtjbinitity} as before, rec 
1 tity the globe to the times of the equinox; and you 
| will find that when this horizon is under the strong 
brass meridian, a line going vertically upwards 
: will be perpeiidivular to it, and consequently the 
| 80h v will be diredfy over the heads of the inhabit- 
: ants, and they will be ascil, having no noon shade; | 
their shadow is in the morning projected Grech 
Westward, in the evening directly east ward. 
The same thing will also happen to all the in- 

| habitants who live between the tropics of Cancer 

and Capricorn: so that they « are not only Agcii, x 
but /amphigcii also. LSD ele cg ns 
Those who live without ths tropics are heteros- 
= Ut, those in nörth latitude have the non shade 
ray directed to the north, while those in south 

latiteide have it always projected to be scuh. 
eles are called 
eilt; because, as the sun goes round them 
e their hade goes round them Ukewise. 
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or AREIBXT, DISTINGTIONS, FROM, SITUATION. 
re ind vet 
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often mentioned by ancient 


925 geographical writers to express the different Situa- 
tion oſ parts of the globe, by the relation which the 
| beveral inhabitants bore to one another, it © will be 
necessary to take some notice of them. 
The antæci a are two nations s which are in or riear 


. 


1 oM sITUATITION. 251 


the same meridian; the one in north; thEother i in 
South latitude,” | 7 00109975008 ü ie 
They have. therefore the same 166th but 
not the same latitude; opposite seasons of the 
year; bat the same hour of the day; the days bf - 
the one are equal to the nights of the other, and, 
vice versa, when the days of the one are at the 
longest, they. are shortest at the b nen 
Wben they look towards each other, the sun 
seems to rise on the right band of the one, but on 
the left of the other. They have different poles 
elevated; and the stars that never set the an 


a are never Seen by the Ser! ebene 24) 
Periæci are also two opposite cations, ed 
on the same parallel of latituddee. 


They have therefore the same Mita bur dif. 
fer 180 degrees in longitude; the samte emp 
of the year, but oppodite hours of the day; f. 

- when it is twelve at night to the ene; it is Tein | 
ut hoon with the our. On the'equinoerial days, 
the bun is rising to Ene, hen it is etting to the 

Other. #03 no h SW AHT af S168 5 N 
Aunpocler are two ttionts diametrically Yopjuans 
which have opposite een latitude, N a 
cite hours and Lhogtludee. 

The sun and stars rise to the one, Bec they 
set to the other; and that during the whole year, 

| for they have the same horizon. | 
; The 155 of tuo one is the night of the other ; ; 
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and whey: the day is longest with the. ds the 
other has its sbortest da. ff dos) 

They have contrary seasons at the: same ume ; 
| Afloat poles, but equally elevated; and those 
stars that are always above the es one, arę 
e nad a Cl of che ther. 
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Pier i ui + Wk Antivel, the” Pe- 
ae and the ec of ay Place. 


b n ono00719 Dore 10 git off: 
5 the given place to the strong brass-meri- 
| Jian, then in the opposite hemisphere, and under 
the same degree of latitude 1 tg: oSiVen place, 
ou, will fing the Antaci, OW SHE SHR Arnie 
Ihe given place remaining ee 
cet the horary index to XII; then turn the globe, 
till dhe other XII is under the index, then you will 
find the Periceci under Vence ae of latizude | 
witk,the given place. n SH ary a6 37 1:41 
Thus the, inhabitants of thngonth part of Chil 
are Antceci. jo the people of New England, whoge | 
Periceci are those Tartars who dwell on the north 
borders of China, which, Tartars, have the ow in- 
 habitants, of Chili for their Antipodess. 
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This will become evident, by placing hi globe 
in the position of a right sphere; and bringing 
thay Nations * dhe Kris af cond one india, 
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| ProBLEM XXIII. The day of the month being 


given, 10 find all those places on the globe, over whose | 


OE the un will 120 on that ay: 


4 


 Reetify = wei obs Ft Waging . 


given day of the month on the back side of the 


% 


strong brass meridian, to coincide” with the plane 


of the broad paper circle; observe the number of 


degrees of the brass meridian, N N corresponds 
to the given day of the mont. 
This number of degrees, da from the 
equator on the Strong brass meridian, towards the 
elevated pole, is the point over which the sun is 
vertical; and all those places, which pass under 
this points en ths. sun A lr on the 


Siren day. Leine 182 { 65 10 S 


Example. 45 the 1th of May: to coincide 


with the. plane of the broad paper cirele, and the 
said plane will cut eighteen degrees for the eleva- 
tion of the pole, which is equal to the sun's decli- 
nation for that day, which being counted on the 
strong brass meridian towards the elevated pole, is 


the point over which the sun will be vertical ; and | 
all places that are under this deg 


sun on their zenith on che Ich of May. « 
Hence, when the sun's declination is Saua! to 
1 latitude of any place in the torrid zone, the 


sun will be vertical to those inhabitants that day iy 
which furnishes us with another method of zolving 


this problem. 4 BY 6-19 Nin Nas 4. 1 a 
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Pao XXIV. To find the Sun's re plc on x the 


S010 obi A986 243; 0G! 

Consider de he 2 ba in. 19 * Cs Ba 
be sun's place is bissextile, or whether it is the 
first, second, or third year. ter. 

If it be the first year after bissextile, tage divi- 
sions to which the numbers for the days of the 
months are affixed, are the divisions which are to 
be taken ſor the respective days of each month of 


that year at noon; opposite to pig in theekrele | 


of twelve signs, is he sun's place. | 
If it be the second year after 8 the n 
quarter of a gay backwards, or towards the left 
hand, is the day of the month for that year, n 
which, as before, is the sun 'S plage. 
If it be the third year after bissextile, then 3 
quarters, of a day backwards is the day of the 
nit fe las nenn. ame * be aun 
place. r 
ti 2 1 hes sun's "4 be 
bissextile, then three quarters of a day backwards 
is the day of the month from the Ist of January to 
the 28th of | February inclusive. The intercalarꝭ, 
or 2th day, is three-fourths of a day to the left 
hand from the first of March, and the first of 
March itself one quarter of a day forward, from 


# 
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the FOE marked one; and so for. every day i in 
the remaining part of the leap- year; and Opgggits | 
to these divisions is the sun's place. 
In this manner the intercalary day bo very well 
introduced every fourth year into the calendar, 
aud the sun's place very _ e ne, 
to the Julian e e 


TAY C ee 
b een OLD es Sar re. Apr 25. 
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1789 First year after 8 5 21 
— =, By. 5,6 
1798: Whin re ongoing Bing ta 
Upon my father's globes ae are tivendyidtitts | 
parallels, drawn at the distance of one degree from 
each other on both sides the equator, which, with 
two other parallels at 29h e e n ; 
the ecliptic circle. 

The two outermost ele are a the FE 
pics; that on the north side the equator is called 
the tropic of Cancer, that which is on the dr 
side, the tropic of Capricorn. 85 

Now as the ecliptic is inclined to 4. e 
in an angle of 234 degrees, and is included be- 
tween the tropics, every parallel between these 

must cross the ecliptic in two points, which two 
points shew the sun's place when he is vertical to 
the inhabitants of that parallel; and the days of 
the month upon the broad paper circle answering to 


0 


#4 , 
64 . ? 
* 4 ? © £ 


* 


— of the ecliptic," ure the FOO on which 
the sun passes directly over their heads at noon; 
and which are rad called their twomideumn-! £ 
mer days. bi eb vii f 15. 20) h 1 

It is usual to ball dau 8 Alupel dalle patal- ; 
Ids to the equator; -whith are therefore aptly _ | 
presented by the above-mentioned parallel circles; 
though his path is properly a spiral line, which 4 
=: continually describing all the year, appearing to 
| e at a a 2 in the A 188 


05 1 Y 2 1 1 
1 > 1 Fa » oy. 
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| thence the parallel of latitude corresponding Jer. 


E227 Find the sun's lads tor the given day in the 
broad paper circle, by the preceding problem, and 
seek that place in the ecliptic line upon the globe; 
this will shew the parallel of the sun's declination 
among the above-mentioned dotted lines, which is 
also the corresponding parallel of latitude; there- 
ſore all those places, through which this parallel 
passes, have the sun in their E Ig at noon on ar 

given dax. onride) To gig: . 
Thus on the 23d of 11. Us FRY, 80 een 
will be-about 20 deg. 10 mins and upon the 23d 
of August it will be 11 deg. 13 min. What has 
been saidö in the first part of this problem, and} lead 
the reader. a the roland; 82 i ene 
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PROBLEM Xxv1. To find the tawo days on which 
the sun is in the zenith of any given place that is situ- 


a ons the: 670% N 


Tuer W Inf 3 which passes 
through the given place, will cut the ecliptic line 


upon the globe in two points, which denote the 


| gust) 18. 


7 


sun's place, against which, on the broad paper 
circle, are the days and months required. Thus 
the sun is vertical at Barbadoes April 24, and Au- 


"PROBLEM XXVII. Tie day and hour: af any 
Place i in the torrid zone. being om to 1 —_— the 


SUN 15 vertical at that time. 


Rectify the globe to the day of the month, and 
you have the sun's declination ; bring the given 
place to the meridian, and set the hour index to 
XII; turn the globe till the index points to the 
given hour on the equator ; ; then will the place be | 
under the degree of the declination Fergus 
found. | 

Let the given. pig be London, and 1 time the 
11th day of May, at four min. past five in the af- 
ternoon; bring the 11th of May. to coincide with 
the broad paper circle, and opposite to it you will 
Spd 18. e of en declination ; as London 
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is the given place, you have 15 to turn \ the globe 
till four min. past five westward of it is on the 
meridian, when you will find Port Royal, in Ja- 
maica, under the 18th degree of the meridian, 
which is the place where the sun No vertical at that 
ee OO} 4. . nn eg vet} 
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peas XXVIIT. The time WIR 40 af ty : 
one place being given, fo frid, all those places where at 
the Same instant the . gun is ricing, Setting, and bn the 
meridia ian, and where he is vertical; likewise those 
Places where it is midnight, twilight, and dark night; 


4 well as those places in which the nos aol is begin- 


% 


% 


ning and ending ; and algo" to find the sun's altitude 
at any lou in the illuminated, * oe GRE 2s | 


the en inen, 
f 7 ö 1 ' 


7 4 


" Revtify ts Hebe 00 the 107 of: the heb; on 
the back side of the strong brass meridian, and the 
sun's declination for that day; bring the given 
place to the strong brass meridian, and set the 
horary index to XII upon the equator ; turn the 
globe from west to east, until the horary | index : 
. to the given time. Then ES 

All those places which lie in the plane of the 

western side of the broad paper circle see the 
sun rising, and at the same time those on the 
eastern side of i it see him setting. 

It is noon. to All the inhabitants of that TO 
"uſer the | upper half a the * . of the 


1 
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dike brass meridian, whilst at the same time 
those under the lower half have midnight. 2 

All those places which are between the upper 
a b of the broad paper circle, and the wire cir- 
cle under it, are in the twilight, which begins to 
all those places on the western side that are imme- 
diately under the wire circle ; it ends at all those 
which are it the plane of the paper circle. 
The contrary happens on the eastern adds the 
twilight is just beginning to those places in which 
the sun is setting, and its end is at the: -plapp guat 
under the wire circle. 
And those places which, are oi ths evilight 
wire circle have dark N unless the moon is 
5 favourable to them. on 07 17 

All places in the reel 3 bare 
the san's latitude. equal to their distance from the 
edge of the enlightened disc, which is known by 
fixing the quadrant of altitude to the zenith, and 


2 g its graduated edge over any particular place: 


Pbe sun's depression is ohtained in the same 


Ae 3 center of the re 
the nadir... Do t5 ont jo noi GENT 410 321 


8 8 
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„ats nit; To nd of 3 

| al polar circles on which the aun begins ee ie 

Lime he Shines Gonstantly; when herbegins\40-"disap- 

Peur, ile: length of his abrence, as well as the rat 

and tos day of his appearance to those inhabjtants;; 
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"the day of the month, or luna. 1 the place bing | 
. ON {4s 50 


'Beiig A given tio 15 ee e on 2 3 
side of the strong brass meridian to the plane of 
the broad paper circle; the sun is just then be- 

ginning to shine on all those places which are in 
the parallel that just touches the edge of the broad 
paper circle and will ſor several days seem to skim 
all around, and but a little above their horizon, 
Just as it appears to us at its setting; but with this 

observable difference, that whereas our setting 
sun appears in one part of the horizon only, by 
them it is seen in every part thereof; from west 

to south, thence east to north, and so to west again. 
Or if the latitude be given, elevate the globe to 
* latitude, and on the back of the strong brass 
| meridian, opposite to the latitude, you obtain the 
day of the month; 8 12 mo n N are | 

: n o f 5 | 

As the two concentric. Spaces, which contain 
the days of the month on the back side of the 
strong brass meridian, are graduated to shew the 
opposite days of the year, at 180 degrees distance; 

when the given day is brought to coincide with 
the broad paper circle, it 'shews when the sun be- 
gins to shine om that parallel, which is the first day 
of its a Es ao the Ae of chat 
N 1. 2 N e 75 a . LEY $297 ug 
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- And the plane of the broad paper circle cuts 
the day of the month on the opposite concentric 
space, when the sun begins to u to chose 
inhabitants. 

The length of the longest day: is - ahead bs 
reckoning the number of days between the two 
opposite days found as above, and their difference 
from 365 gives the _ of their longest night. 


| PROBLEM xxx. To make use of the globe 6 as a 
tellurian, or. that kind of orrery which is chiefly 
intended to illustrate the phenomena that arise from 
annual and diurnal motions N the earth. | 


Describe a circle whin chalk upon the - io 


laige as the room will admit of, so that the n | 


may be moved round upon it; divide this circle 
into twelve parts, and mark them with the cha- 
- racters of the twelve signs, as they are engraved | 
upon the broad paper circle ; placing S8 at the 


north, N at the south, M in the east, and == in the 


west : the mariner's compass under the globe will 


direct the situation of these points, if the variation 


of the magnetic needle be attended to. 


Note. At London the variation is between 23 


and 24 degrees from the narth-westward. 
Elevate the north pole of the globe, 80 chat 664 


1 degrees on the strong brass meridian may coincide 


with the surface of the broad paper circle, and this 
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* will thug represent the plane of the eeliptic 
or a plane coinciding with the earth's orbit. 

Set a small table, or a stool, over the center of 
the chalked circle, to represent the sun, and place 
the terrestrial globe upon its circumference over 
the point marked vp, with the north pole facing 
the i imaginary sun, and the north end of the needle 
pointing to the variation; and the globe \ will be in 
the position of the earth with respect to the sun 
at the time of the summer $olstice, about the 21st 
of June; and the earth's axis, by this rectification 
of the globe, is inclined to the plane of the large 
| paper circle, in an n angle 05 663 N a line, | 
or string, passing from the center of the imaginary 
sun to that of the globe, will represent a central 
solar ray connecting che centers of the earth and 
sun: this ray will fall upon the first point of Can- | 
cer, and describe that circle, sbewing i it to be the 
sun's place upon the terrestrial ecliptic, which is 
the same as if the sun's place, by extending the 
3 string, was referred to the opposite side of the 

chalked circle, bers: * 8 the earth's aus | 
in the heavens. /\! 5c 

If we conceive a plane to RR through the cen- 
ter of the globe and the sun's center, it will also 8 
4 pass through the points of Cancer and Capricorn, 
in the terrestrial and celestial ecliptic; the central 
solar , in this * of the earth, is also 1 in 
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that ln tbis can never happen but at ce times 
of the solstice;. /; Hey; ? 


If another plane be ae be to | pass e | 


the center of the globe at right angles to the cen- 

tral solar ray, it will divide the globe into two 
hemispheres; that next the center of the chalked 
circle will represent the earth's illuminated disc, 
| the contrary side of the same plane will at the same 
time sbew the obscure hemisphere. 


The reader may realize this second . ee by . 
cutting away a semicircle from a sheet of card 5 


paste- board, with a radius of about 14 tenth of an 
inch greater than that of the globe itself. | 


If this plane be applied to 663 degrees upon the 
strong brass meridian, it will be in the pole of the 
_ ecliptic;. and in every situation of the globe round ä 


N 

1 * & 
2 
* 

£ 8 


the circumference of the chalked circle, it will aff . 


ford a lively and lasting idea of the various pheng- 
mena arising from the parallelism of thè earth's 
axis, and in particular the daily change of the 


Sun 8 ann. and the ys 1 de- 


tb the ads — from: * to. = and 
| the needle pointing to the variation as before, will 
preserve the parallelism of the earth's axis; then 
it will be plain that the string, or central solar ray, 
will fall upon the first point of Leo, six signs dis- 


tant from, but opposite to the sign , upon W — 


or he may have a | plane made of wood for this purpose. 
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the globe e . central zolar- ray will now 
describe the 20th parallel of north declination j 
which will be about the 23d of July. 
If the globe be moved in this manner et to 
point round the circumference of the chalked cir- 
cle, and care be taken at every removal that the 
north end of the magnetic needle, when settled, 
points to the degree of variation, the north pole 
of the globe will be observed to recede from the 
line connecting the centers of the earth and sun, 
until the globe is placed upon the point Cancer; 
after which, it will at' every removal tend more 
and more towards the said e till it nge tq 
e e =. $63, ee | 


5 1 
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| " PronLa — 1 To ret cither globe; fo he 
latitude and horizon of any pla ce. g 


8 


If the place bei in north latitude, raise the nook 
pole; if i in south latitude, raise the south pole, 
until the degree of the given latitude, reckoned 


f on the strong brass meridian under the elevated 


pole, cuts the plane of the broad paper cirele; 
then this circle will represent the horizon of that 
place, while the place remains in the zenith, but 
no longer. "This rectification is therefore unna- 
- tural, though it is the mode adopted in OE vhs 
- n when n in the On: 
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Prenrzu xxxII. To rectify for the Sun's os place. 


After * former enacfaition, bring a . 
of the sun's place in the ecliptic line upon the 
globe to the strong brass meridian, and set the 
horary index to the XIIth hour upon the equator "A 
which is most elevated. 

£ Or if the sun's place is to be retained, to answer 
various conclusions, bring the graduated edge of 
the moveable meridian to the degree of the sun's 
place in, the echptic, and slide the wire which © 
crosses the center of the artificial horizon thereto: 
then bring its center, which is in the intersection 
of the aforesaid wire, and graduated edge of the 
moveable meridian, under the strong brass meri- 
diam as before; and set the horary index to that 
AA on the equator which is most. elevated. 


| Fabrik XXXIII. To rectify for the zenith bf 
ay os. | | Es 


| After. ae ee Ws screw PO nut Link the 
quadrant of altitude so many degrees from the 
equator, reckoned on the strong brass meridian . 
towards the elevated pole, as as that pole is raised 
above the plane of the broad paper eirele, and Ou 
Point will represent the zenith of the place. Wo 
Note. The zenith and nadir are the net he 4 | | 
horizon, the former being a point directly over * 1 
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our heads, and ho an one diretly under our 
feet. \ wee Vf 4 5 

\I6 whin the. globe i is in this state, we wok. on 
the opposite side, the plane of the horizon will cut 
the strong brass meridian at the complement of 
the ee ee is also the ne of the 
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or THE SOLUTION or PROBLEMS, BY Exyo81NG 
” OO FRE? GLOBES To THE SUN'S RAYS, : 8 15 
e the year 1679 J. Moxou ane a testi 
on what he called “ The Englizh Globe; being 
(says he) a stable and immobile one, performing 
what the ordinary globes do, and much more; in- 
vented and described by the Right Hon. the Earl 


of | Castlemaine.” This globe was designed to per- 
form, by being merely exposed to the sun's rays, 
all those problems which in the usual way are 
solved by the adventitious aid of brazen ideas, 


hour indexes, &c. 


My father thought that this cha might bs | 


useful, to ground more deeply in the young pu- 


| pibs mind those principles which the globes are 


intended to explain; and by giving him a different 
view of the subject, improve and strengthen his 


mind; he therefore inserted on his globes some 
lines, for the purpose of solving n en 
75 in Lord Cuaclenaino s manne.. | 


25 * appears te me, * ee bb. 
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cation, which is in my possession, that the Earl of 


Cautlemaine projected a new edition of bis works, 
as the copy contains a great number of Correc- 
tions, many alterations, and some additions. It 
is not very improbable, that at some future day I 


may re- publish this curious work, and adapt a 


small globe for the solution of the problems. 
The meridians on our new terrestrial globes be- 
ing secondaries to the equator, are also hour cir- 
cles, and are marked as such with Roman figures, 
under the equator, and at the polar circles. But 
there is a difference in the figures placed to the 
same hour circle; if it outs the IIId hour upon 


the polar circles, it will cut the IXth hour upon 
the er en is six n later, : and 80 of pigs 
_ the n 1 vinets , 


Through the great Pacific sea, Vows the intersec- 


tion of Libra, is qrawn a broad meridian from 


pole to pole; it passes through the XIIth hour 


2 the equator, and the VIth hour upon each 


of the polar circles; this hour circle is graduated 


| into degrees and parts, and numbered from the 
equator towards either pole. | 


There is another broad meridian passing evo | 


the Pacific sea, at the IXth hour upon the equa- 


tor, and the IIId hour upon each polar circle; 
this contains only one quadrant,. or go degrees; 
the numbers annexed to it begin at the OY 


polar circle, and end at the tropic of Capricorn. 


Here wo mus likewize onen, thee aro 28 | 


' concentric eireles drawn upon the terrestrial globe 


which for the future we shall call polar parallels; 
they are placed at the distance of one degree from 
each other, and represent the parallels of the sun's 
dechnation, but in a different manner from the 
47 parallels between the tropics. 

The following problems require the globe to ibe 
placed upon a plane that is level, or truly horizon- 
tal, which is easily attained, if the floor, pavement, 
gravel-walk, in fan: gab; &c. Should.: nat be 
to be horizontal. ela | 

A flat seasoned board; or any wow which is bout 
| two feet broad, or two feet square, if the top be 
perfectly flat, will answer the purpose; the upper 
surface of either may be set truly horizontal, by 
the help of a pocket spirit level, or plumb- rule, if 
you raise or depress this or that side by a wedge 
or two as the spirit level shall direct; if you have 


a meridian line drawn on the place over which 


you substitute this horizontal plane, it may be 
readily transferred from thence to the surface just 
levelled; this being done, we are prepared for the 
solution of the following problems. 15 
It will be necessary to define a term we are 
_ obliged to make use of in the solution of these 
problems, namely, the shade of extuberancy : by 
this is meant that shade which is caused by the 
sphericity of the globe, and answers to what we 
A we heretofore. . the miete,, defining 
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the boundaries of the illuminated and obscure 


parts of the globe; this circle was, in the solution 


of some of the foregoing problems, represented by 
the broad paper circle, but 1 is here reale 1 _ 
w_ af nen 140i] ol derobie | | 


| 18 


\ PrkoBLEeM e the curi's . 
tude, by the terrestrial globe, when he shines bright, 
or when he © can 2 but Just be discerned through. a cloud. 


0 Elevate the north pele of the globe to 663 de- 


grees; bring that meridian, or hour circle, which 
passes through the IXth hour upon the equator, 
under the graduated side of the strong brass meri- 
Gian; the globe being now set upon the horizon- 
tal plane, turn it about thereon, frame and all; 


that che shadow of the strong brass meridian may 
fall directly under itself; or, in other words, that 
the shade of its graduated face may fall exactly 


upon the aforesaid hour circle; at that instant the 
shade of extuberancy will touch the true degree 


of the sun's altitude upon that meridian, which 
passes through the IX th hour upon the equator, 


reckoned from the polar circle; the most elevated 


part of which will then be in the zenith of the 
place where this operation is performed, and is > 


the same whether it Should” maren to be either! 

a or south latitude 7510) ated! ie, 
Thus we may, in an * — 2s 

Soda the altitude of the sun, at any time of he 
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day, * che terrestrial Hebes 'fat it is very plain, 
when the sun rises be brushes the zenith and na- 
dir of the globe by his rays; and as be always 
Wuminates half of it, (or a ſew minutes more, as 
his globe is considerably larger than that of the 
earth) therefore when the sun is risen a degree 
higher, he must necessarily illuminate a degree 
beyond the zenith, and so on bene from 
time to time. Ft 

But, as the Moines part is somewhat more 
than. half, deduct 13 minutes from the shade of | 
extuberancy, and you, have. the anz atkude with 
| tolerable exactness. FVV 

If you have an how! og th abi ofis ex- 
tuberaucy re hes, hold a pin, or your finger, on 
the globe, between che sun and point in dispute, 
and where the shade eden ba looks: will, Wah 
: point sought. 745 a 4 055 
] len ibe sun does not A rough bo ca 
ig fp Turn the meridian of the Gabs to- 
wards the sun, as before, or direct it so that it 
may lie in the same plane with it, which may be 


„ Sw 


ae if yon have but the least glimpse of the sun 
through a cloudz bold:ja string in both hands, it 
5 baving first been put between the strong brass 
mexidi n and che globe; stretch At at right angles 
| to the meridian, and apply your fave near to the 


= globe; moving your. eye lower and lower, till you 


can but just 586 the suns then bring the string 
| beſts ans globe, _— 
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may just obscure a sun from your sight, and the 


degree on the aforesaid hour circle; which the 


string then lies upon, will be the sun's altitude 
required, for his rays would shew the same 50 
if he shone out bright. 

Note. The rue may 0 Serve be 
either of these methods, and the altitude of an 
. ls n ods z nu 
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| PaonLBM 3 XXX. Ts ra the terrestrial globe 
in the Sun s rays, that it may represent the natural 


Position of the earth, *ither 195 4 | meridian line, or 
without it. VEE 


Il you have a meridian line, set the north and 
south points of the broad paper circle directly 


over it, the north pole of the globe being elevated | 


to the latitude of the place; and, standing upon a 
level plane, bring the place you are in under the 
graduated side of the strong brass meridian, then 
the poles and parallel circles upon the globe will, 
without sensible error, correspond with those in 


the heavens, and each point, Kingdom, and state, 


will be _ ana _ n one which it re- 
presents. 95 1 12 5 3 fr 4 
If you "ay 'no wk tw: 1 y of 
che month being known, find the sun d een 
tion as before instructed, which will direct you to 


ths parullel of the day, amongst the 8 


. 272 | > PROBLEMS: 


reckoned from either pole towards the polar cre 
which you are to remember. „ n 
Set the globe upon your ne be in * 
aun-sbine, and put it nearly north and south by 
the mariner's compass, it being first elevated to 
the latitude. of the place, and the place itself 
brought under the graduated side of the nt 
brass meridian; then move the frame and globe 
together, till the shade of extuberancy, or term 1 
illumination, just touches the polar parallel for the 
day, and the globe will be settled as before; and 
if accuratel y performed, the variation of the mag- 
netic needle will be shewn by the degree to which 
it points in the compass- bon. 
And here observe, if the parallel ſor * day | 
should not happen to fall on any one of chose 
drawn upon the e e are to estimate a pro- 
portionable part between them, and reckon that 
the parallel of the day. If we had drawn more, 
the globe would have been conſuse. 
I be reason of this operation is, as the sun 
Muminates half the globe, the shade of extuberan- 
cy will constantly be ee nde Wins . 
wherein che sun is vertical. - * $495 117 ry | 
If the sun be in the amor, the shade inn un- 

mination must terminate in the poles of the world; 
andi hen he is: itt any other diurnal parallel, the 
terms of illumination must fall short of, or go be- 
vandl either pole, as many e 1 
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which the sun Jezeribei that day is distant from 
the equator; therefore, when the shade of extu- 
berancy touches the polar parallel for the day, the 
artificial globe will be in the same position, with 
respect to the sung as the earth really io; and will 
be illuminated on ag same manner! 3170 if; BR; 
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W 3 7⁵ 8. 5 2 the un 
declination, diurnal parallel, and his place Hereon., Y 


The globe being set upon a an horizontal plane; 
and adjusted by a meridian line or otherwise, ob- 
serve upon which, or between which polar parallel 
the term of illumination falls; its distance from the 
pole is the degree of the'sun's dein reckon 


dis distance from 'the/equatatamong the larger 


parallels, and you-have the parallel which the! sun 
deseribes that day; upon which if you move 2 


cara; cut in the form of a double square; until its 


shadow falls: under itself, vou will obtain the very 
places uh that parallel over which the sun is ver- 
ticaFab/any hour of that day, if you set the are 
| optic we ene W side ug 1 
brass meridian.˖ꝛ Bega bg 
Wen The moon's deokbunion;: Gemma frag el; 
and place, may de found in the same manuel. 
Likewide} hen the sun does not shine bright, his . 
declination, & may be found by An rn in 
he manner Nn XxXIN. A, 
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oy enn, K*XVII. T gs the net axinnth 
aneh. EIB ac 5e N Nun 
1 a rags 10 1 at right globe to — — 
1. through the zenith and nadir, and also 
through the sun's center, its distance from the 
meridian in the morning or evening of any day, 
| reckoned. upon the degrees of the inner edge of. 


the broad 1515 ue will Cat the cd re- 


tity 3 : * To 7745 ; 18 * z 7 9. 177 * 111 5 . a Ti; 18 
* 4 
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8 ria aithine 3 * CO Waden 1565 a 8 
8 e by bringing the north pole in- north lati- 
tude; and the south pole i in south latitude, into 
the zenith of the broad paper circle, having first 
| placed: the globe upon your meridian line, Or by 
the other method before preseribed; hold. up a 
plumb- line, s0 that it may pass freely near theo 
outward edge of the broad paper circle, and move 
it 80 that the shadow of the string may fall upon 


che elevated pole; then cast your eye immediately 


o its shadow on the broad paper circle, and the 


degree it there falls upon is the sun's aaimuth at 


that time, which may be wee unge _ the 
| une ä the. ne fob 
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11 you 3 ne or kae Acht of 0 
sun, the globe being adjusted as before, stand on 
the shady side, and hold the plumbline on that 


side also, and move it till it cuts the sun's center, 


and the elevated pole at the same time; then cast 


Four eye towards the broad paper eirele; and the- 


degree it there cuts is the sun's azimuth; which 
must 0 i re e the 8 Wr el e 
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"PROBLEM: Exxviit, ag: 417 45 al. 
places of the earth's ourface, the Sun wall be. twice an 


8 the Same. azimuth 4 in the morning x „ and twice on the 


: the afternoon : ar ir # other words, 


191. #8 +: 
When e ee of «es sun exceeds thi | 
latitude of any place; vn dn either side af the equa- 


tor, the sun will be on the same azimuth twice in 


the morning, arid twice in the afternoon: 


Thus, suppose the globe rectified to the Jitizpds 


: of Antigua, which is about 17 deg. of notth, lati- 
Hy tude; and the Sun to be in the _beginnin! of in 


cer, or to have the greatest north declinat lows. et 
the quadrant of altitude to the 218t degree nbrih 


bf the eust in the horizon; and turn the globelup- 


on its axis; the sun's center wilb be on ithat haimuth 
at 6 H. 30 min. erer 80 min. in the 


40110 die e 4130 tn, N 6 be * idw n, $797) 1G 
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"a7 This eee ee 
places situated in the torrid zone, whenever the 


K * 


morning. At 8h. 30 min. the sun will be as it 
were stationary, with respeet to its azimuth, ſor 


some time; as it will appear by placing the quad- 


_ -rantcof-altityde | to the 17th. degree north of the 


east in che horizon If the quadrant. be set to the 


| same degrees north of the west, the sun's center 
will oross it twice as 96403 horizou in ; 


tho aſternqn 7 anus pls 1 vibe hoo be c buy 


FS 


more or e . all 


sun's declination exceeds their latitude ; and from 
hence we may infer, that the shadow of a dial, 
Whose gnomon is erected perpendicular to an ho- 
rizontal plane, must F 8⁰ back several 
degrees g on. the same day. CIR IIS 
But as this can only happen i in \ the torrid. zone, 
and as > Jerusalem lies about 8 degrees to the north 
of the tropic of Cancer, the retrocession of the 
shadow onithe dial of Ahaz, at Jerusalem, was, in 
eier en en wand; oO 8 
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{ti XXXIX. To ah 15 Four MP the 
day in the most natural manner, when the terrectrial | 


Wc is properly placed in the oun-chine, PL DHS (9153 ” 
5:7 OONeNtoos drogn 9 rory ofd3 3 wat 05 16. 92 
Tbere are many e ee bis operati 


ith respect to the hour, three of which Weber 
inserted, being general to all the inbabitants of 
the earth 3; a fourth is added, peculiar to those of 


8 1 „which will answer, without sensible error, 


* } * 
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at an 7 place not exceeding we distanee of 60 miles | 
from ag bee e. eee ee 30 en 


I By a tk 0. 


Having Wecüfled the globe as before Jindal, | 
and placed it upon an horizontal plane over your 
meridan line, or by the other method; hold à long 
pin upon the illuminated pole, ina the direction of 
the polar axis, and its shadow will sbew the hour 

of the day amongst the polar paralless 
I be axis of the globe; being he common section 
of the hour eireles, is in the plane of each; and 
as we suppose the globe to be properly adjusted, 
they will correspond with those in the heavens; 
therefore the shade of a pin, which is thesaxis con- 
4 tingeez? must fall upon the true hour eirele i 


11-0 Wk 9; of i a t or ae 235 | 
AH I. By an artificial style. 03 Shall + E 
| Tie a Sell string, with à noose; round the cle . = 
_ vated pole, stretch its other end be ond the globe, _— 
and move it s that the shadow of the string m | : 
fall -upon che depressed axis; al that instant is . 
shadow upon the egantar will ive te Melt Hour | | 
0 u minute! hun gue goht bag 


But remember, that either the autümnal or ver- 
nde equinoetial colure must first be placed under 
the graduated. side of the strong brabs meridian, 
before you observe the hour, each of these being 
eder een the: 1 with e XII. fb 0 


_— 
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The steing in this. last case being moved into the 
plane of the sun, corresponds with the true hour 
eirele, and eee gives the true Hour. 

Fi \ ru n n TY 
bat 2541, III : Witha aß cl at n. 1 
Every tg being rectified as before; look 
Where the shade of ex tuberancy cuts, the equator, 
ide colure being under the gradyated: ide gf the 
strong brass meridian, and you obtain the hour in 
two places upon the equator, one of them going 

before, and the other following.the sun. 

| % Vote. If chis shade be dubjous, apply piv, or 

your finget, as before djrected. 9d eee 3 
: The reason is, that the Shade f FIAT 
being A great circle, cuts the; equator/in half, and 
the sun, in whatsoeven alle]. of declination he 
may happen to be; is Jo ways in the pole of the 
shade; _congequently: \the vonlines/lof light and | 
Wh Shade will Shew the, Eras; day. | 


> 


7 


101 211 5 8 ad 0 2; 1949742 6g bes! 


| 211 "Place: within ite die jance of Sixty yung | 
e globe being erery way. ajuntac/ar-befard | 


: | and London brought under the graduated ide of 5 


5 be strong brass meridian, hold up la plumb · line, 
0 chat its Shadow may fall vpn the zchich point, 
(bich in this case is London itself) and the sha- 

dow ot the,cring vil gut the parallel of the day | 
9 e e eee as 1 „ 


i 
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and that bour circle upon which this intersection | | 
falls, is the hour of the day; and as the meridians 
are drawn within the tropics, at twenty minutes 


distance from each other, the point cut by the in- 


terseetion of the string upon the parallel of the 
day, being s near the equator, may, by a glance | 
of the observer's eye, be referred We = the 
true time obtained to a minute. 

The plumb- line thus gd: is vt 9 3 
e cutting the parallel of the day, gives the 
sun's place, and eg ee "Os _—_ cirele 
which-intersects: initial D . 

From this last operation eee that | 
ahem OY neee the Ay to LP 

sun's rays. 3-02 es HOW es fv : 
Ik the i and GU of the Fa hag axis 
agree in the hour when the globe is rectified, then 
e Meng . must RT the glabe. 


ben ROLLARY., Another met to ST the Fu . 
to the Sun's rays. a | 


1 the 5 8 ill the, abadow of . NET 
ow which | passes through the zenith, cuts the 
same hour on the parallel of the day that the 
shade of the pin, held in the direction of the axis, 
falls upon amongst the polar paralleis, and. the 
globe is rectified. . 

The reason 18, that the chadow of the ain re- 
presents an hour eirele; and by its agreement in 


* 


5 
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dhe dame hour; which the ain of the azimuth 
string points qut, by its intersection on the paral- 
lel of the day, it sbeus the sun to be in the plane 
of the said parallel; Whiebi can never happen in 
the morning on the eastern Side of the 
in the eyening on Gere 10. 
the globe is rectifie t. 5 235 mig ad; 0 
This rectification of 5 globe is ay placing it 
in such a manner, that the principal 
and points e ee in wi with dete of 
the heavens. 33.9. Wakelpe ih MAS 4 39814 5 11. 


4 * 
\ 


The many ene arixing from these pro- 
blems, relating to the placi abing of the globe in the 
sun's rays, the tutor will easily discern, and readily 
extend t to his own, as well as to the benefit of oy 
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Tur 

was in former times cultivated by all who bad à 
pretensjons to science: and before the invention of 
clocks and watches it was of the bighest import 
ance, and is even eee en and egu- 
late them N en 
11 Danse vez wy means of ie ban 52858 0 K. 
vide time into equal parts, and to represent be 

any given surface the different circles into whit 


"4 Fd convenience, we suppose the heavens to be dk. 5 


vided,” bur/principally the hour circles. n DU 


The hours are marked upon a plane, and pointed | 


out by the interposition of 'a body, which re- 
ceiving the light of the sun, casts à shadow apo 
the. plane. This body is callet! the li wah it 

is parallel tothe axis of the world: It is ealled 
the style, when it is * het | that. ouly the end of 


art or dialling is of very ancient origin, aid 
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it coincides with the axis of the earth; in this 
Case, it is only this point which marks the hours. 
| 3 0 an the various, pleasing g and. profitable 
| | arise ſrom the use of globes, 
bo chat of Sallivg is ; not the- least. By it the pupil 
E will gain satisfactory ideas of the principles on 
which this branch ol science is founded; and it. 
will reward, wich abundance of pleasure, those 
that chuse to ere e pe g in 8 practice 
84. 8 | 
If e a wt 0 all 5 any ee tn 
1258 to be drawn upon thi the globe of the earth, 
and suppose this globe to be transparent, and ma 
5 revolve, round areal axis, which is opake,;an 
ass a chadow;. it is evident, that whenever = 
plage of any. hour semicircle points at the sun, 
8 the shadow of the axis will fall ypan the; opposite 
Vemicircle. 75 orion rtr rf 0% = Bus 3-04 
Let a PC p, plate 13, Bg. 1, represent a trans- 
| parent globe; a be d.c fg the hour semireles, it 
is clear, that if the semicircle B a p points at the = 
zun, eee en will fall upon che op- 
eee e one 97 SOASTSTGS 10! 
If we imaging; any, plane to pass through the 
enter of this tranzparent glebe, the Shadow of 
= * half the axis will always fall upon one side or bs 
ns tber of, is-igtersecting. plane. er gundie 
| _ ,; Thus let ABCDbe eee 
ien ae as the sun is above the hori- 
* 10 11 24 Lang A f a 
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zon, the sbadow of the upper half of the. Axis 
will fall somewhere upon the upper side of the 
plane ABCD; when the sun is below the ho- 
rizon of London, then the shadow of the lower 
half of the axis E n n he lower adecof the 
plane. . 7 48113 inch 5 O. | 
When the wn oh a 3 ee een 
* the sun, the shadow of the axis marks the re- 
spective hour-line upon the intersecting plane. 
The hour: line is therefore a line drawn from the 
center of the intersecting plane, to that point 
where this plane is cut by the —_— Leh en | 
to the hour semicircle. . erg 
» Thus let AB CD, plate 13, ar . ee 
: 4 London, be the intersecting plane; when the 
| meridian of London points at the sun, as in the 
> present figure, the shadow of the half axis PE | 
8 falls upon the line EB, which is drawn from E, 
the center of the horizon, to the point where the 
horizon is cut by the opposite semicirele; therefore 
| EB i is the line for the hour of twelve at noon. 
By the same method the test of the hour- lines 
are found, by drawing ſor every hour a line, from 
| the centot of the intersecting plane, £0. that Semi- 
 cirele which is opposite to the hour semicirele 
Thus Hate 13, fg. 2, shews the bour-lines 
drawn upon the plane of the bogan ef London, 
. with only s many bours as hre nęcessaryg that is, 
112 td n ee Ae is | abi the 
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| Horizon of London, on the e longest 0 00 in sum- 
ere eee 


I, when the . are ad bod, 0 her se- 
micircles be taken away, as the scaffolding is when 
the house is built, what remains, as in Fe. WA wal 
be an horizontal dial for London. | | 

If, instead of twelve hour circles, as one de- | 


seribed, we take twice that number, we may by the 
points, where the intersecting plane is cut by 
chem, find the lines for every half hour; if we 


take four times the number of hour cireles, we 


1 may find the lines for every den un hates hour, 
and so on progressively. FE 


We have hitherto dee the ec of 


Ts e the intersecting plane, by which is seen 
* beten dial. 17 we DT 
and Gd the e this dee pass 


gh it, and draw the lines from the center of 


che plane to those points, we shall have the hour- 


Hoes for that plane. VV 
Nate 18; Hg.; chews. hon / che hour. lines are 
8 plane, perpendicula 


The gnomon of every | 


eee 
5 1 * eee in eee N 


* 
* 1 * , 9 1 
* 4 GE HIS ] 1 8 . 
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horizon, Nx. 4 chens a south dial, with its bour- 1 
ünes, without the semicirele, enen 1 8 e 
eee mn. b e e e 
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before us, or Ra edge of a brass plate, « as in a 
common horizontal dial. 

The whole earth, as to its bulk; is E a e 
if compared to its distance from the sun; there- 
fore, if a small sphere of glass be placed on any 
part of the earth's surface, so that its axis be pa- 
rallel to the axis of the earth, and the sphere have 
such lines upon it, and such planes within it, as 
above described, it will shew the hour of the day 
as truly as if it were placed. at the center of the 
earth, and the shell of the earth were as WOE 
rent as glass. ) neared et 9 

A wire. . 500 a thin flat, plate of; hogs: 
| wk it, is often en a to derten n 

ciples of dialling $1 To adh 

From what has 5 neee dialling 
ende on finding where the shadow of a 1 
wire, parallel to the axis of the earth, will fall 
upon a given plane, every hour, balf hour, &co. 
the hour-lines being ſound as above described, 
which we shall proceed to exemplify by the globe. . 

Every dial · plane (that is, the plane surface, on 
which a dial is drawn). represents the plane of ” 
great circle, Ninh! —_ is an horizon to som 
country onbtherl! “ es ait wan D n 
The center of the dial represents tlie center of 
che earth arid the gnomon which casts the shade 
represents the axis, and ougbt to point 1 
to hea Oye berries e be LAN 158 wed | 
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The plane upon which dials are delineated may 


be either, 1. parallel to the horiaon; 2. perpendi- | 


cular to the horizon; or, 3. 1 5. at eee 
2 9 FRG it 311545 ; Nei! 


* 


nn le "153955 ah * SRI k c | , Ser 8 1 th 
e e e | 
nonLEM x 2 #1 conchruct an « horizontal dial 
for any green Jatitude, by „ means s of ; the terrestrial 
N In AF Bu $543 n 
2 3 | 


x *3z: 1 RG Vaatyel Wl "3. fs ibs * 45 | p 57 75 „ „ ; 


Ke 
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Elevate the ies this latltude of "ny vis, 


then bring the first meridian under the graduated 

edge of the strong brazen one, which will then 
be dyer the hour XII, or the equstor. As our 
- globes have meridians drawn through every fifteen 
degrees of the equator, these meridians will re- 

present the true circles of che sphere; and will in- 
ter ect the horizon of the globe; in certain points 
on each side of the meridian! The distance of 


these points from the meridian must be carefully 
1 ord down-opon a 


34 4 


paper, as will be seen 
le The- pupil need not, however, 
abe our into his table the distandes further than 
from XII to VI, which is gust 90 degrees; for tbe 
— f XI, X, IX, VIII VII, VI, in the 
| forenoon, are the same from XII as the distances 
of I II, HI, IVy V, VI. in the aſternoon; and 
eee Heoug ch the center will 


t 4 dat e 


5 the dial. an EEX 0 ο 995 To! t LS 
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No more hour- lines need be drawn than what 
answer to the sun's continuance above the hori- 
zon, on the Ange day of the Yrs in the en 
latitude. 5 

ee eee 3 giren ag e to — Tow 
don, whose latitude. is 51 deg. 30 min. north. 

Elevate the north pole of the globe to 513, de- 
grees aboye the horizon; then will the axis of the 
globe have the same elevation above the broad pa- 
paper circle, as the gnomon of the dial 1 is to bare 
above the plane . mito 05 ans 5 

Turn the globe, till the bst e 7 on 
Fase globes passes through London) is under 
the graduated, side of the strong brazen. meridian; 5 
then, observe and note the points where the hour- 
circles i intersect the horizon; and as on our globes 
the inner graduated, circle, on the broad paper 
cirele, begins from the two sixes, or east and 
west, we e shall in from weed, calling the 
hour, Ts herth...} at adit en oO] 
we sball find the 2 0 bours mat the ho: 
ed at the ae ear vi N 184 


Th. 2 . * 2 wa wes BAT IL . = - 5 ws 15 76 * 
which. ey the roapeptive. distances of the above | 

bours from VI upon the. plane of the horizon. 
1 transfer these, and the rest of the hours, 

vpon an horizontal Fs, draw = parallel right 
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quadrant 


7 Ph. then divide each quadrant into 90'<quat) ee, 
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nes . line b d, plate 13, Py 5, upon that plane, | 


© oF far from each other as is equal to the intended 


thickness of the gnomon of the dial, and the 
space included between them will be the meridian, 


or twelve 0 clock line upon the dial; cross this 


meridian at right angles by the line £ h, Which will. 


de the six o'clock line; then setting one foot of 


your cotripasses in the i intersection a, describe the 
: e with any convenient radius, or open- 
ing of the compasees 3. after this, set one foot of 
the ret in the intersection b, as a center, 


tlie same radius describe the quadrant 


or degrees; as in the figure. 5 
Because the bour-lines are less Asthit 1 each 


| . other about noon, than in any other part of the | 
_ * dial; it is best to have the centers of the quadrants 


at some distance from the center of the dial-plane, 


5 in order to enlarge the hour- distances near XII; 
thus the center of the plane is at A, ut the © cen nter ä 
of "the quadratits is at a and b: a 


Lay a rule over 78" 9, and the Gedi b, 1 
draw there the bour-line of I. Through b, and 


65 41, gifts the hour-line of II. Through b, 
by 375 chat of III. Through the same center, | 


and 36 2⁴5 we obtain the hour-line of IV. And 


troll. it, and 18 54, that of V. And because 
- the sun rises abbot felt in the morning; Conti = 
| the outlines of IV aud V in the” afterrivo . 5 

. 
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through the center b to the oppoxite ade of the 
dial. | | 
Now lay a rule . to dhe cent a of 
the quadrant e g, and the like elevations or degrees 
of that quadrant, 78 g, 6⁵ 41, 51 57, 36 24, 
18 54, which will give the foreneon hours of XI, 
X, IX, VIII, and VII; and because the sun does 
not set before VIII in the evening on the longest 
days, continue the hour-lines of VII aud VIII 
in the afternoon, and all the hour-lines will be 
figiched on this dial! | 
Lastly, through 514 degrees on hd 1 
and from its center, draw the right line a g for the 
axis of the gnomon a g i, and from g let fall the 


5 _ perpendicular g i upon the meridian line a i, and 


there will be a triangle made, whose sides are a g, 
gi, and i a; if a plate similar to this triangle be 
made as thick as the distauee between the, lines 
ac and b d, and be set upright between os; 
touching at a and b, the line a g will, when it is 
truly set, be parallel to the axis of the world, and ; 
will cast a shadow on the hour of the day. | 

The trouble of dividing the two a may 
be saved, by using a line of chords, which is al- 
ways placed upon N _ i to a Fark 
of instruments. 33 
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PROBLEM xLI. 17 Aalst a Sree 0 % 
= _ e ee * Fe Ne 1 


1 us abe a o o dial for the inde of 
Dee 

Elevate the: hs to tha! Stilatitanls os your 
place, and proceed in all respects as above taught 
for the horizontal dial, from VI in the morning to 


VI in the afternoon, only the hours must be re- 


versed, as in plate 13, Fg. 3; and the bypothenuse 
a g of the gnomon a g f, must make an angle with 
"this dial plane to the co- latitude of the place. 
As che sun can sbine no longer than from VI in 
the morning to VI in the evening, there is no oc- 
casion for ng _— _ args n oO : 
- fs dial. 0 K 
In ding this e we date eee 
vertical south dial for the latitude of London, as 


an horizontal one for the complement of that lati- 


' tude, or 38 deg. 30 min. all direct vertical dials 
may be thus reduced to horizontal ones in the 
same manner. The reason of this will be evident, 


i the globe be elevated to the latitude of London; | 
for by fixing the quadrant of altitude to the ze- 
nith, and bringing it to intersect the horizon in 


the east point, it will point out the plane " the 


„„ ' 


| This plane is at right angles to the kb, 


and perpendicular to the horizon; and it is clear, | 


ts 
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from the bare inspection of the globe thus ele- 
vated, that its axis forms an angle with this plane, 
which is just the complement of that which it 
forms with the horizon, and is therefore just 
equal with the 'co-latitude of the place; mn that 
therefore it is most e to eren ws. FUE to 
| gn co-latitude. | | 
The north vertical dial is Or anind: pi; hs 
south, only the style must point upwards, and that 
many of the hours from its direction can be of no 


PropLEM L LAI. Ty pat 8 an erect dial, declining | 
from the South towards the east or west. Tp 


Elevate the pole to the latitude of the lacy? ol 
screw the quadrant of altitude to the zenith. 
Then, if your dial dechnes towards the east, 
(which we shall suppose in the present instance) 
count in the horizon the degrees of declination 


from the east point towards the north, and bring 


the lower end of the quadrant to .coincide with 
that Wer ol declination at which the en 2 
| eads.,c/oinep 4: 4-411 thivib vd 
Then bring AY Joke odds under the gra- 

duated edge of the strong brass ee, en 
strong meridian will be the horary index. 

_ +. Nawcturn the globe westward and on -the 
Hagroun out in the quadrant of altitude by the first 
meridian, while the hours XI, X, IX, &. in the 
| nen nnn under the brazen; one: 
T3 4 
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drant-. 85 


For ab het Sons turn the; ins of | 


alitade round the zenith, until it comes to the 
degree in the horizon, opposite to that where it 


was placed before, namely, as far from the west | 
towards the south, and turn the globe eastward; 
and as the hours I, II, III, &. pass under the 


strong brazen meridian, the first meridian will 


cut on the quadrant of altitude the number of de- 
- grees from the Zenith that each * the: hours is 
from XII on the dial. 1 . 
When the first meridian goes off the 3 
at the horizon, in the forenoon, the hour index 
will shew the time when the sun comes upon this 85 


dial; and when it goes off the quadrant i in the 


| afternoon, it points to the time een, . sun 
| lexves the dial. n 0 : k 


Having thus ad all the hour mans Frogs 


: XII, lay them down upon your dial plane, either 
by dividing a emieircle into two W or * 


the line of chordls. 


In all declining dials; the 1 8 on . the 
gromen. stands makes an angle with the twelve 
c clock line, and falls among the forenoon hour 
nes, if the dial declines towards the east; and 
noor hour lines, when the dial 
ann towards the- e chat * to the left 


among the /afte: 


and the degrees thus cut on the quadrant by tbe 
first meridian are the respective distances of the 
forenoon _ rom * on e yn of the _ 


* 
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hand from the twelve o'clock line in the former 
case, and to the right hand: from it in the latter. 
To find the distance of this line from tiat f 
twelve. This may be considered, 1. If the dial 
declines from the south towards the east, then 
count the degrees of that declination in the ho- 
rizon,” from the east point towards the north, and 
bring the lower end of the quadrant to that degree 

of declination where the reckoning ends; then 
turn the globe, until the first meridian cuts the 
horizon in the like number of degrees, counted 
from the south point towards the east, and the 
quadrant and first meridian will cross one another 
at right angles, and the number of degrees of the 
quadrant, which are intercepted between the first 
meridian and the zenith, is equal to the distance ä 
of this line from the twelve o'clock line. 

The numbers of the first meridian, which are 
intercepted between the quadrant and the north 
pole, is equal to the wo of the style above 
the plane of the dial. 

The second case is, when the dial declines 
westward from the South. „ | 

Count the declination from the east point of 


the horizon towards the south, and bring the 


quadrant of altitude to the degree in the horizon 
at which the reckoning ends, both for finding the 
forenoon hours and the distance of the substyle, . 
or gnomon line, from the meridian; and for the 
afternoon hours, bring the quadrant to the oppo- 
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NAVIGATION 


Zh BXPLAINED > BY | | 
aig THE GLOBE, ih 


Wood 18 the at of guiding, a. hip at sea, 
from one place to another, f in the safest and most 
convenient manner. In order to attain this, four 
things are particularly neces8ary:; ____ | 

1. To know the situation and distance of places, 

2. 12 know at all times the points of the.c com- 

3. To know the 1 — in which the ship is is to be 
directed from one place to the other. 

4. To know, in any part of the voyage, what 

Wen of the globe the ship is upon. 

The knowledge of the distance and situation of 
places, between which a voyage is to be made, 
implies not only a general knowledge of geogra- 

phy, but of several other particulars, as the rocks, 
sands, streights, rivers, &c. near which we are to 
sail; the bending out or running in of the sbores, 
the knowledge of the times that particular winds 
set in, the seasons when starms and hurricanes are 
to be expected, but especially the..tides; these, 
and many other similar circumstances are to be 8 
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mad _ chains, Journals, &c. but chiefly 


by observation and experience. 


The second particular to be ned, is hs 


yorkie at all times of the points of the com- 


ass where the ship is. The ancients, to whom 
the polarity of the loadstane was unknown, found 
in the day-time the east or west, by the rising or 


setting of 10 sun; and at night, che north by the 


„ ˙¹ Äm 2 


ner s lic, by which, at any time in the wide 
ocean, and the darkest night, we know where the 


| north is, and consequently INE rest hd 200 2 55 
of the compass. 1 * 


Indeed, before the invention of the mariner 8 
Sieb, the voyages of the Europeans were 


principally confined to coasting; but this fortu- 
nate discovery has enabled the mariner to explore 
bew Seas, arid discover new” Sos — 


4 * 7 F 


have A WEIS for ever unknown. „ LTTIO 
The third thing required to be Waben, 5s the 


| line which a ship describes upon the globe of Fi: 
4 earth, in going from 'one place to another. 


The shortest way from one place to iber is 


an arg of a great circle drawn ann the two. 
Places. ö 


The most ein way for a ship, is that 4 


which we may sail from one place to another, di- 
recting the ship all the while towards og} same | 
F point of the compass. my 
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« & ship is 0 by steering or directing ber 
al some points of the compass: the line 
wherein a ship is directed, is called the ship's 
course, which is named n the, paint an 
which she sails. 

Thus if a ship sails ee che - north-cant 
Tanne her course is said to be N. E. 1 

In long voyages, a ship's way may consist of A 
a number of different courses, as from A to B, 
from B to C, and from C to D, plate 13, fig. 9: 
when we speak of a sbip's course, we consider one, 
of these at a time; the seldomer the course is 
changed, the more easily the ship is directe. 

If houo places, A and Z, plate 13, Ig. 7, l. 
under tlie same meridian, the course ſrom the one 
to the other is due north and south. Thus, let 
AZ be part of a meridian; if A be south of Z, 
the course from A to Z must be north, and the 
course from Z to A south. This is evident from, 
the nature of a meridian, that it marks upon the 
horizon the north and south points, and that 

every point of any meridian is north or south from 
every other point of it. From hence we may de- 
duce the following corollary; that if a ship sails 
due north or south, she will continue; « on. 8 
same meridian. 5 
_ - ff two places lie W 1 0 3 . cou 
; Ver one to the other is dan are of the equator, 
and is due east or west. Thus let az, Ag. 7; be 
a part of the equator; if a be west from z, the 
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course e Hoi a to 2 is east, and the course from 2 


to a is west: for, since the equator marks the east 


and west points upon the horizon, every point 
of the equator lies east or west of every other 


| point of it, as may be seen upon the globe, by 


placing it as for a right sphere, and bringing a or 


2, or any of the intermediate points, to the ze- 
| nith; when it will be evident, that if we are to 
go from one of these points, a, to the other, z, or 


to any point on the equator, we must continue 
our course due east to arrive at a, or vice versa. 
From hence we may deduce this consequence, 


chat if a ship under the equator sails due mes or 


Wr she will continue under the equator. 
In the two foregoing cases, the course it 


an are of a great circle, (the meridian or equator) 
0 is the shortest and most convenient way it can sail. 


. #wo - places lie under the samè parallel, the 
course from one to the other is due east or west; 


© this may be seen upon the globe, by the following 
method: bring any point of a parallel to che 'ze- 
nith, and stretch a thread ox 
" the meridian; the thread will then be a tangent 


rer it, perpendicular ta 


to the parallel, and stand east and west from the 
nt of contact. Hence, if a ship sails in any 


3 parallel, due east or west, she will continue in 


the same parallel. In this case, the most conve- 


; nient course, though not the shortest, from one 
| to the other's is to hn due n or west. | 


IT + * W 13 Ros 
** * * 12 * 4. N 2 +. : * i * 4 4 
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=; two 1 lie neither under the egudtor, nor on : 
the same ' meridian, nor in the game parallel, the | 


most convenient, though not the shortest course, = 
from one to the other, is in a rhumb. OD 3 
For, if we would in this case attempt to go the | 


shortest way, in a great circle drawn through the 
two places, we must be perpetually changing our I; 
course. Thus, fg. 8, whatever is the bearing of | 
K from A,; the bearings of all the intermediate : 
| points, as B, C, D, E, &. will be different from 1 
it, as well as different from each other, as may be a 
| easily seen upon the globe, by bringing the first 
point, A, to the zenith, and observing the bearing : 
of K from each of them.” Thus suppose, when "i 
the globe is rectified to the horizon of A, the 
bearing of K from A be north-east, and the angle 
of position of K, with regard to A, be 45 degrees: 1 
8 if we bring B to the zenith, we shall have a diff 
rent horizon, and the bearing and angle of posi- | „ 
tion from K to B will be different from the former; | 
and so on of the other points C, D, E, they will 
5 ceäch of them have a different horizon, and K "_w 
8 5 have a different bearing and angle of position. | 
= From hence we may draw this corollary, that I 
when two places lie one from the other, towards a 
point not cardinal, if we sail from one place to- | 
wards the point of the other's bearing, we shall 
never arrive at the other place. Thus, if K nes 0 f 
north-east from A, if we sail from A towards the | 2 4 
north-east, we shall never arrive at K. Fo 
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Fill rhunb upon the globe i is a a line drawn from a 
1 given place A, so as to cut all the meridians it 
passes through at equal angles; the rhumbs are 
denominated from the points of the compass, in a 
different manner from the winds. Thus, at sea, 
the north; east wind is that which blows from the 
north- east point of the horizon towards the ship 
in which ye are; but we are said to sail upon the 
N. E. thumb, when we go towards the north- east. 
The rhumb AB C DE, plate 13, fig. 8, pass- 
| ing through the meridians. LM, NO, Pa, 
| makes the angle LAB, NBC, PCD, equal; 
from whence | it follows, that the direction of a 
aw. is in every part, of it towards the same 
point of the compass; thus from every point of a 
north- east rhumb upon the globe, the direction is 
towards the north- east, and that rhumb makes an 
| angle of 45 ng. with Svery: dit it * drown 
| e eee of ru abi is ; what am 
parts o the same rhumb, are contained between 
parallels of equal distance of latitute; 80 that a 
ship continuing in the same rhumb, will run the ; 
same number of miles in sailing from the parallel 
of 10 to the parallel of 30, as she does i in OG 
from the parallel of 30 to that of 50. 1 05 
The fourth: thing mentioned to be res in 
navigation, was to know at any time what point 


ol the globe a ship is upon. This depends upon 


ſour things: 1. the longitude; 2. the latitude; 
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3. the course the ship has run; 4. the distance, 
that is, the way she has made, or the number of 
leagues or miles she has run in that course, from 
the place of the last observation. Now, any two 
of these being known, the rest may be easily 
found. | La Ly 

Having thus given SOME general idea of navi- 
gation, we now proceed to the problems by which 
the cases of sailing are solved on the globe. 


| PkoBLEM XLIII. Given the difference of lati- 
40 and difference of Aae, to . the course 
and distance Salle. EC 


Example. Aden a abip nll hs a Kt 0 in 
latitude 38 deg. to another port B, in latitude 
5 deg. and finds her. 3 of en 5 
An 

Let the port A be Chad to the nt an 
elevate the globe to the given latitude of that port 
38 deg. and fixing the quadrant of altitude pre- 
eisely over it on the meridian, move che quadrant 
to lie over the second port B, (found by the given 
difference of latitude and longitude) then will it 
cut in the horizon 50 deg. 45 min. for the angle 
of che shipꝰs course to be steered from the port A. 
Also, count the degrees in the quadrant between 
the two Potis, which ny will 10 51 P's this 

3 2 x 
se. Martin on the Globes, 


— 


FT, 
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number multiplied by 60, the nautical miles in a 
nee will _ een whos een run. 


rds XLIv. Given the di 8 of lati- 
12 and course, to find the di Herence of ans © mh 
and 2 Sajled. 


Lots Mdmit Seng rails fon a wid AJ in 
25 deg. north latitude, to another port B, in 30 
deg. south latitude, upon a course of 43 deg. | 

Bring the port A to the meridian, and rectify 
the globe to the latitude thereof, 25 deg. where 
fix the quadrant of altitude, and place it so as to 


make an angle with the meridian of 43 deg. in 


the horizon, and observe where the edge of the 
| quadrant intersects the parallel of 30 deg. south 
latitude, for that is the place of the port B. Then 
count the number of degrees on the edge of the 
quadrant intersected between the two ports, and | 
there will be found 73 deg. which, multiplied by 
60, gives 4380 miles for the distance sailed. As 
-the two ports are now known, let each be brought 
to the meridian, and observe the difference of 
Nee in nga Oy which will 
(gun: 50 dg . 
N. B. Had this problem a lea by: "TR 
deomizs;} or sailing on a rhumb, the difference of 
longitudle wouldfithen —_ been 52 deg. 30 min. 
between the two ports. i . 
W 4: TOS! wit 4 EY 987% , 
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PROBLEM xLv. Oiven the difference of latitude 
and distance run, to find the 45 Nerence of ee 
| and angle of the course. 


Example. Admit a chip Sails from. a port A, in 


latitude 50 deg. to another port B, in latitude 37 


deg. 30 min. and her distance run be 2220 miles. 


Rectify the globe to the latitude of the place A, 


then the distance run, reduced to degrees, will 
make 37 deg. which are to be reckoned from the 
end of the quadrant lying over the port A, under 


the meridian ; then is the quadrant to be moved, 


till the 37 degrees coincide with the P allel of 


17 deg. 30 min. north latitude ; then wi 
gle of the course appear in the arch of the horizon, 
intercepted between the quadrant and the meri- 
dian, which will be 32 deg. 40 min.; and by 
making a mark on the globe for che port B, and 
bringing the same to the meridian, you will ob- 


serve what number of degrees pass under the me- 
ridian, which will be twenty, the eee of 


ne required. 


S @ * . 
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tude and course, to dads the dt * dh em 1 
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the meridian of 40 deg. till the difference of Ion- 
 gitude.'be found just 20 degrees; then rectifying 
the globe to the latitude of the port A, place the 
quadrant of altitude so as to make an angle of 40 
deg. with the meridian ; then observe at what 
point it intersects the meridian passing through | 
the given longitude of the port B, and there make 
a mark to represent the said port; then the num- 
ber of degrees intercepted between that and the 
port A will be 28, which will give 1680 miles for 
. the distance run. And the said mark for the port 
B, being brought to the meridian, will haye its la. 
tirade tl TE blown 4 to > be the wy 40 wits, — 5 


0 


- 1 * 
an FF £8. Es ? YH 2 


PROBLEM 3 XLYIL. . R mg 2 course 1 5 | 
tance sailed, to find the di Herence Y, Fee and 
ere of 1 Katitude. CE | 


"Brample. Suppoze's a lip sails 1800 rler gem 
| pott A, 51 deg. 15 min. Croat w on an an- 
"I 45 deg. to another port B. FLA 
Haring rectified the globe to the port. 0 fix ths 
quadrant of altitude over it in the zenith, and 
place it to the south-west point in the horizon; 
then upon the edge of the quadrant under 30 deg. 
(equat to 1800 miles from the port A) is the port 
B; which bring to the meridian, and you will 
there see the latitude; ge at the same time, its 
bogitücge on die equator; in the point eut oY the | 
werde.. eee 8 10. SD TE SH JET 


\ 4 ! 1 
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10 all these cases, the ship is supposed to be kept 
upon the arch of a great circle, which is not diffi- 
cult to be done, very nearly, by means of the 
globe, by frequently observing the latitude, mea- 


suring the distance sailed, and (when you can) 


finding the difference of longitude ; for one of 
these being given, the place and course of the ship 
is known at the same time ; and therefore the pre- 
ceding i course may be altered, and rectified with- 
out any: trouble, through the whole voyage, as of- 


ten as such observations can be obtained, or it is 
found necessary. Now if any of these duta are but 


of the quantity of four or five degrees, it will suf- 


fice for correcting the ship's course by the globe; 
_ and carrying her directly to the intended port, ac- 


e to the following peg: 25 


2 


Pagbui XLVILL To Steer a chip upon theateh 
of a. great circle by the given difference of latitude, 


or di ference of 18 or @istance Rae ls ina n 


9 5 ume. 


Kart 2 vw sails from a port 4 60 a very 6. 


tant port Z, Whose latitude and longitude ate 
Firenze as quis as its geographical Mrs coin A; 5 


then, 88 
First, having rectified the globe t to "chi port A 
lay the quadratit of altitude over the port Z, and 


draw thereby the arch df the Lows circle _ 
.V 


* 
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A Fort 2 this will Aexign: the. inended path o or 
track of the ship. . 
A Secondly, having kept, 8 "hi. upon the first 
given course for some time, suppose by an obser- | 
vation you find the latitude of the present Place of 
the ship, this added to; or subducted from the la- 
titude of the port As, will give the present latitude 
in the meridian; to which bring the path of the 
Ship, a and the part therein, which lies under the 
ew latitude, is the true place B of the ship in the 
great arch. To the latitude of B rectify, the globe, 
and lay. the quadrant over Z, and it will. obey: in 
the horizon the. new course to be steered. ; 
. Thirdly, . suppose the ship to be steered upon 


+. this course, till her distance run be found 300 


miles, or 5 degrees; then, the globe being recti- 
fied to the place B in the zenith, laying the quad- 
rant from thence over the great arch, make a mark 
at the sth degree from B, and that will be the 
present place of the ship, which call C; which 
being brought to the 'meridian, its latitude and 
e ee will be known. Then reotify the globe 
to the place C, and laying the quadrant from 
chence to Z, the new course to be ed will 
appear in the borizon;/. E 
Fourthly, having steered some time upon "this 
new course, suppose, by some means or other, you 
come to know the difference of longitude of the 
ee PU: of the Abies; and of * of the prece- 


PROBLEMS, 5 307 


- ding places, C, B, A; as B, for instance; then ' 
bring B to the meridian, and turn the globe about; 
till so many degrees of the equator pass under the 
meridian as are equal to the discovered difference 
of longitude ; then the polnt of the great arch cut 
by the meridian is the present place D of the ship, 
to which the new course is to be found as before. 

And thus, by repeating these observations at 
proper intervals, you will find future places, E, F, 
G, &c. in the great areh; and by rectifying the 
course at each, your ship will be conducted on 
the great circle, or the nearest way from the port 
A to Z, by the use of the globe only. 
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Moen 1 have, 3 in the Kdt part i'r this Kay: 
laid before my readers the reasons which induce. 
me to prefer my father's manner of mounting the 
globes to the old or Ptolemaic form, yet as many 
may be in possession of globes mounted in the old 
form, and others may have been taught by those 
glabes, I thought it would render these Essays 
more complete, to give an account of s0 many of 
the leading problems, solved on the common 
globes, as would enable them to apply the remain- 
der of those heretofore solved, to their own use. 
This is the more expedient, as, since the publica- 
tion of my father's Treatise, there have been a few 
attempts to do away some of the inconveniences 
of the ancient form, particularly that of the old 
hour- circle, which is now ee pluced m 
the meridian. 


— 


I cannot, however, refrain from again observing 
to the pupil, that the solution of the problems on 
the old globes depends upon appearances ; that 
therefore, if he means to content himself with the 
mere mechanical solution of them, the Ptolemaic 
globes will answer his purpose; but if he wishes 
to have clear ideas of the rationale of those pro- 
blems, he must use those mounted 1 in my 27 255 s 
manner. 

The celestial obe is . thein same e way in 1 
mountings, excepting that in my father's mount- 
ing it has some additional circles ; but the diffe- 
ence is so trifling, that it is presumed the pupil 
can find no difficulty in applying the directions 
there ee tho: the old RO: 2 57 


: cd 1. To „nd the N and longitude | 
1 ay given Place on the globe. | 


5 Bring the place to the east side of che 3 me- 
ridian, then the degree marked on the meridian 
over it shews its latitude, and the degree of the 

equator under the meridian shews its longitude. 
Hence, if the longitude and latitude of any 
place be given, the place is easily found, by bring - 
ing the given longitude to the meridian; for then 
the place will lie under the gen 1 of e 
upon the een F 
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Bring each of the given places een to 


eren meridian, and see where the meridian 
cuts the equator each time; the number of degrees 


contained between those two points, if it be less 


than 180 degrees, otherwise the remainder to 360 


deg! will be the anne ee _ eee ern 
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"IILEF 3; 1 15 5 2 Monit; 1 On; D. N $?3 
Find the latitude of the place! by Prob. i, und 
if the place be in the northern hemisphere, elevate 

the. north pole above the horizon, according to the 


| latitude of the place. ; If the. place be in the south; 


ern hemisphere, elevate the south pole above the 
south point of the en apy neee as are 


50 e e e t 98 ned sibi 


Hlaripg elevated the 580 ns Fe Jatis 


tudep count the degrees thereof upon the meridian 


from the equator towards the elevated pole, and 
that point will be the zenith, or the vertex of the 
place; to this point of the meridlan fasten the 

quadrant of altitude, sg that the 8 _ 


thereof may be joined to the said point.“ 


Having brought the sun's place in the 2 720 


to the meridian, set jo hour index to twelve at 


* 


E 


noon, and che globe will be rectified'to che sun 8 
place. 


PaonLEM. iv. The hour of the day at nj plac 
being given, to find all those on the globe, where it is 
noon, midnight, or ary given hour at that 1 ks"; 


On the globes keg” mounted in the common 
manner, it is now customary to place the hour- 
circle; under the north pole; it is divided into 
twice twelve hours, and bas two rows of figures, 
one running from east to west, the other from 
west to east; this circle is moveable, OY: "Rs me- 
ridian answers the purpose of an indek. 

Bring the given place to the brazen Gestalt, 
and the given Hour of the day on the hout-cirele'; 
this done, turn the globe about, till the meridian 
points at "the hour desired; then, with all those 
under the meridian; it is non, e or why | 
95 höur at chat ine 0 995 2290, eib 
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ProBLEM | The hour 7 the day at any place 
| being given, to find the copregpondent hour (te ths whar 
” "clock ir is at vhat Nee ded other Place, .: 


AW 1 i N 
Bring the given place to the brazen . 
and set the hour circle to the given time; then 


turn the globe about, until the place where the 


hour is required cities to the meridian, and the 


12 , PROBLEMS, 


meridian will point out the hour of the day: at tak 
place. = 


hs 8 Thus, avec it is noon at London, it is 


| ; | . 8 
At Nene 5 2 , en.. 
: Constantinople n B% YAO 2 . M. 
Vera ZBA 5 30 A.M, 
: op in China ee 5 50 LG 


Re GER VI. The dy Keke co 
to find all those Places on 'the globe where the om n 
will be vertical, or in 224 nenith, that ay. : 


| Having ey the. sun 8 plage i in the 1 6 
the giyen day, bring the same to the brazen meri- 
dian, observe what degree of the meridian. j is over it, 
then turn the globe round its axis, and all places n 
that pass under that degree of the meridian, will 
have the sun vertical, or in the zenith, that. day; TY 


| i. e. directly over the bead of each poo at-its re- 
5pective noon. 25 


I | 
1 ProBLEM VII. . ER given in 8 fo | 


rid. one, io. nd those two. days of the Sear on which | 
the gun will be vertical to that Place. 8 


" Bring the given place to the brazen. PE 
and mark the degree of latitude that is exactly. 
. over it on Be: meridian ; ; then turn He. lobe 


j 
F. 
ö 


PROBLEMS) 3213 


about its axis, and observe the two Points of the 


ecliptic which pass exactly under that degree of 
latitude, and look on the horizon for the two days 


of the year in which the sun is in those points or 


degrees of the ecliptic, and they are the days re- 
- quired ; for on them, and none else; the sun's de- 
. FO is yy to ua latitude of the given _ 


Shin VIII." 1 fad. the antaci bee 
and anti odes fen nue, pu LEA SY 


Bring "the given place to the brazen. i in 
and having found its. latitude, keep the globe in 
that position, and count the same. number of de- 
grees of latitude on the meridian, from, the equa- 
tor towards the contrary pole, and where the rec · 
koning ends, that will give the place of the an- 
tœci upon the globe. Those who. live at 9M 
equator have no antœci. N 

Tbe globe remaining in the same position, bring 


the upper XII on the horary. circle. to the meri- 


dian, then turn the globe about till the meridian 
points to the lower XII; ; the place which then 
lies under the meridian, having the same latitude 
with the given place, is the periceci required. 


Those who lire at the | polo. if fe. have: no 0. p6- 


32 1 * * 4 L 


fiœci. 


As the globe now l (ich the Rüde at the 


3 XII), the antipodes of the given place are 


A - 


„Its ante 
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under the same point of the brazen meridian odere 
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1 st 5d before,” 13: 5 2 hy £13: 
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10 2 — 5 Ol 42 141 21 12 3771 8 | 
. PROBLEM 8 To nd. at hes Joo: the. Sun 
riges and sets any day in the gear, mA also upon what 


: pores of the. as eee 26! 5d1 or tape bi'coiteni!: 


Rectify the globe for the latitude of the place 
you. are in; bring the sun's place to the meridian, 


and bring the XII to the metidian 3 then turn the 


te n 
You bring it to the western edge of the Worin, it 
will shew the . 769 HT) HO” e 

Thus on the 16th day of March, the s. sun {ro a 

; - lifffe bast Six, and vet a lite before Six. 5 


sun's place to the eastern edge of the horizon „and 


eridian will Point out the hour of rising; 5 it 


kite to the fiorthward of the east and west 5 


but in winter, a little to the e southward of them. 


| nigh. or Ain 


Ws therefore, when the 4 sun's place i is brought to 


the eastern and western edges of the horizon, 'you 
look on the inner circle, Light against the sun's 


4 
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© PronLmA] . To nd the length _ the ay, and 
] WAR ee, ＋ 7 50875 A O4L 


Only double the time of the sun's ing u mt 
6k and it gives the length of the night; double 


7 * 


Ps, yo will see the hw of the, e pon 


1e. | „ 


the time of his ung, and it nere the length of 
the day. | 84 ; 101.2 ${:3-DA6 |; | 
"RW babes shews how „ Wing the sun stays 
Vith us any day, and mow r wok is een TR 
us any _—. - 
Thus on the 26th of May the sun rises about 
four, and sets about eight; therefore che int is 
rege pe, long, aud 1 . dw end N 


* 3 IN ings 2p the 15 if the een 
or. S/ ortest day, at any place pon the earth, 


2 
- 


Rectify' the globe för that place sg the be: 
_ ginning of Cancer 46th&'riieeiditn; bring XII to 
— Meridian, then bring the same degree of Can- : 
cert6 the east part of the horizon; and the mert- 
dian will shew the time of the sun'srismg.” 

If the same degree be brought to the western 
side, the meridian will shew the setting, which 
doubled (as in the last problem) will give che 
length of the longest day and shortest night. 

If we bring the beginning of Capricorn to the 
meridian; and proceed in all respects as before, we 
shall have the deen of the Rear night and 
chortest day. $199, : Gs Ti 5856 1 W 5 18 . 

Thus in del Great Moguls dominions, the 
longest day is fourteen hours, and the shortest 
night ten hours. The shortest ben hr is W e, : 
we the __ night COR e JR 
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At 3 the longest day is about 101 
ee and the shortest night 43 hours; the sþort- 
est day 44 hours, and longest night 194 hours. 
Note. In all places near the equator, the sun 
| rises and sets at six the year round, From thence 
to the polar circles, the days increase as the lati- 
tude increases; so that at those circles themselves, 
the longest day is twenty - four hours, and the 
longest night just the same. From the polar cir- 
cles to the poles, the days continue to lengthen 
into weeks and months ; 80 that at the very pole, 
the sun shines for six montbs together! in We 8 
and is absent from it six months in winter: | 
Note. That when it is summer with the a. | 
ern inhabitants, it is winter With the southern, and 
te contrary; and every part of the world ee 
of an 9 e 1 _ and, OO | 


1 {4 $3 
mee 419-02 idggon. 3 .55rg9Þh 5 9 


f Pho nauis mo” 75 Fouls all whe inhabitants to 
whom the sum is\Hhis een en or getting, in their 
ay tr gat Bevan: boy ; {8D 8 8 80 51175 ot | 144131 
oki going 9490 Sch Ria 9% us | 
| Find the sun 's. place. in the eoliptic, and raise 
the pole as much above the horizon as the gun 
| (that day) declines from the equator ; then bring 
the place where the sun is vertical at that hour to 
the brass meridian; so will it then be in the zenith 
or center of the borizon. No see what countries 


lie on the wenn. 15 of the, horizon, for in them 
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the sun is rising; to those on the eastern side he 


is setting; to those under the upper part of the 
meridian it is noon day; and to those under the 
lower part of it, it is midnight. | 
Thus on'the 25th of April, at six © clock i in the 
evening, at Worcester, 
The sun is rising at New Zealand; and to thoes 
who are Sailing | in the middle of the Great South | 


Sea. 


The sun is setting at Sweden, „ Italy, 
Tunis, in the middle of Negroland and Guinea. 
In the meridian (or noon) at the middle of 
Mexico, Bay of Honduras, middle of PTR, Ca- 
nada, &c. 
Midnight at the middle of e ALY In- 


| dia, and the seas near the Sunda ee, 


PROBLEM XIII. Th ut hs es and end 


of twilight. 


The twilight is that faint light which opens the 
morning by little and little in the east, before the 
sun rises ; and gradually shuts in the evening in 
the west, after the sun is set. It arises from the 
sun's illuminating the upper part of the atmos- 
phere, and begins always when he approaches 
within eighteen degrees of the eastern part of the 


| horizon, and ends when he descends eighteen de- 


grees below the western ; when dark night com- 


mences, and continues till day breaks again. 


7 


* 


18 ee 


To find the beginning of roilight,” Tectiſy the 
globe; turn the degree of the ecliptic, which is 
opposite to the sun's place, till it is elevated 18 
degrees in the quadrant of altitude above. the ho- 
rizon on the west, so will the index Point, the hour 
twilight begins. | | 

This short specimen of problems by. the old 
globes, it is presumed, will be sufficient to enable 
the pupil to solve any other. 
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PART IV. 
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or TTY USE OF THE CELESTIAL GLOBE. 20 


LOW) 1 388 


Tus uf globe is an artificial representation 
of the heavens, having the fixed stars drawn upon 
it, in their natural order and situation; whilst! its 
rotation on its axis represents the ö diurnal 
motion of the sun, moon, and stars. | 
It i is not known how early the ancients had e any „ 
thing of this kind: we are not certain what the | 
sphere of "Atlas or Musæus was; perhaps Pala- 
modes, who lived about the time of the Trojan 
war, 125 | Omethivg 0 of t this kind; for of him it is 
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5 x, 
: 9 10 Heh the 5 ene Hs os ate bestow, | 
Io tel the seasons, when to sail and plow, 8 
wy He first devise; each planet's order found, | 
Ju distance, period, in the blue proſound. DUET 


From Pliny it would seem that Hi pparchus had 

a a celegial globe with the stars delineated upon it. 
It is not to be supposed that the celestial globe, 
is 50 just a representation of BE heavens as the 
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320 or THE USE OF THE | 
terrestrial globe is of the earth ; because here 
the stars are drawn upon a CONVEX surface, 
whereas they naturally appear in +a concave one. 
But suppose the globe were made of glass, then to 
an eye placed in the center, the stars which are 
drawn upon it would appear in a concave i 
os. as they do in the. heavens. 

Or if the reader was to suppose that boles were 
PR in each Star, and an eye placed in the center 
of the globe, it would view, through those holes, 
the; Same stars in the heavens that they represent. 

As the terrestrial globe, by turning on its axis, 
. the real diurnal motion of thes earth ; S0 
the celestial globe, by turning on its axis, repre- 
sents the apparent diurnal motion of the heavens. 

For the sake of perspicuity, and to avoid con- 

dnual references, it will be necessary to repeat 5 

bere some articles which have been already men- 

tioned. 15 

The 3 is- - that „ n which | 
crosses the equator in an angle of about 233 deg. | 
and the angle is called the obliquity of the ecliptic, 

This circle, is divided'into twelve equal parts, 
consisting of. 30 degrees each; the beginning of 
them are marked with characters, representing the 

| twelve signs. | 

Aries 4855 Taurus 8, Gemini it © Cancer 95 , 

Leo 9; Virgo M. Libra ==; ep. pd m, Sagit- g 

ee of Capricornus v, Aquarius c „Pisces 3 
"Upon't my father” 8 n Jun” under the eclip- , 
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4 tio, the 1 and Sa Of each month, are gra- 

duated, for the readier fring the artificial zan nr 
on its place in the ecliptic. - in gg N v8} 

The two points where the — — crog8es | ith 
equinoctial (the circle that answers to the equator 
on the; terrestrial globe) are called the equinoctial « 
points; they are at the beginnings of Aries and 
Libra, and are 50 called, because when the sun is 
in either of en the e and 1e is N 
ybere equal. . AElog MAH οn 

The first. points of ee _ danse are 
called solrtitia points; because when the sun ar- 
riyes at either of them, he seems to stand in a 
manner still for several days, in respect tg his dis- 
tance from the equinoctial; when he is in one 
solstitial point, he makes to us en days 
when in the other, the longest night. 0 

The latitude and t of stars ate Wa | 
mined from the eoliptic..' 1 4 on 1s Eo 

be longitude of the dere and 8 is pet OY 
5 ed upon the ecliptic; the numbers beginning at 
the first points of Aries, where the ecliptic erosses 
the equator, and inereating en to the or: 
| ln Ane 264.08 ben en bn 
Thus suppose the sun to he. in the ke degree 
88 4 Leo, we say, his longitude, or place, is four 

signs, ten degrees; because he bas already passed 
the four signs, Aries, Taurus, Gemini, Cancer, 
and is ten degrees ing the fifth. ue A 


” 20 Aua Nils deb * ob Xu „ Dt 1159 5611 11 eee 


w 


* 


N 1 * : 2 oro n 
e SIE — N I - y 
— 4 . 44 : 


ö 


: 2 
{ | 3 
* 

i * 

| 1 

| * 

LY 

j ＋ 
J : = 4 
1 
| 1 

. 
[+ , 
4 
4 

1 

FS - 
N * 

! = 
il 5 \ 
! * 
i i 

N 
j 15 
| 8 
L [1 % 
415500 
i 
\ 4 5 
| | 2 
| $ 

_ 

! [1 
1 [| 

1 = 

' 

1 
: | 1 
\ | | j 

{ 3 

' . 3 
i 0 
! —X 
; * 

8 
r 
46 
— 
+ 

1 

1 

11 
14 
7 

l 

1 

14 

iny 

4 
i 4 
' 
ILY | 
if 
+:1;4 

"ol 

111 

ity 
1 1 
11 
14 
1 

i 

14 

mil 
MH 
1 

11 

„ 
11 
j {13 
WH 

419 

' (| 

[3 "BY 

N 
+'F 

? * 

4 

1 

— 14 

N 

£ 


—— — 


= Late _—_— _ \ 
op. > : — * Sos ks GE — yy - 
— —ñ— . —jä—̃— Py CP —— — — —H——̈— —— —EkE—w̃ — ho — a __ - b 
— 2 p * . f . F2e oC EB ARE A Pe att A acecri cites wen Gr SARS OC 
— a — — 9 . 2 * * 
9 * N F ̃ eros he ⁵ —PAN—I—x—k — FFF STE COPE ⁊ ·¹.. ꝛ A > og 
EV. ö 1 N 3 5 0 * 4 7 , 
* * EY # C BA 
z y 1 = > $ 
4 ; 5 5 5 
wr. - 1 4 8 
x b 
1 + v * 5 8 


— 


1 
— 


— 
1 
= 
—— 
p— 
| 
; 


OFTHE 9 ad or un 


The latitude of ene e ee tes | 
Wee by their distance from the ecliptic upon a 
secondary or great ee eee by 
and crossing it at right angles. e 
0 Twenty ſour of these circular binds) which cross 

che ecläptic at right angles, being fifteen degrees 
from euch other, are drawn upon the surface of 
ouricelestial globe; which being produced both 

ways, those on one side meet in a point on the 
northern polar circle, and those on the ne 

in a point on the southern polar circle, + 

Fo Tue points determined by the meeting of these 
oiroles are called eg of thes eee 
north, the other south. > 1* 9935.7 15 IE gi 


8 From ame definitio ders cdl, that Wee 


and lat on the celestial globe, bear just the 
same relation to the ecliptic, as e ge : 
teryestrial globe to the equato . 
Thus as the longitude of eee n is 
measured by degrees upon the equator, counting 
ſtom the first meridian 5's the longitude of the 
| heavenly bodies ib measured by degrees upon = 
ee el eee from the first point of Aries. 
And as latitude on the earth is measured by 
Saba the meridian; counting from the 
equator; so the latitude v the heayenly bodies i 
ee ured by degrees upom u circle of longitude, 
"ny either north or south from the ecliptic. 
The sun, therefore, has no latitude, being al- 
N in en * «> we aur speak of | 


$1 | 'T 
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| 3 
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his Eee but rather of bis place in the up- 
tic, expressing it by such a degree and minute of 
such a sign, as 5 6 oa of IRE instead of 35 
degrees of longitude. hed] 

The distance of any 3 body f from the 
equinoctial, measured _ the er rer is called | 
its declination. | 
Therefore, the sun's declination, nooks or w_ 

at any time, is the same as the latitude of any place 
to which he is then eee which is never pr 
than 233 degrees. 

Therefore all een of Giſh on the ce- 
lestial globe are the var same as parulſels of lati- 

tude on the terrestrial. ä 
Stars may have north latitude and zouth deat. 

nation; and vice bern. 

That which is called longitude o on the terrestrad 
n is called right ascension on the celestial; 
namely; the sun or star's distance from that meri- 
dian which passes through _ firgt een . Ain | 
= unnd on the equinoctial. Fo; 
. nomers alsd speak of daes mall 
Jeri by which they mean the distance of 
that point of the equinoctial from the first point 
of Aries; which in an oblique sphere rises of sets; 
at foe same time that the sun br star rises or sets. 


difference is the di de betwixt 


. * and : oblique ascension. The sun's ascen- 
Sonal difference turned into time; is cores ger 
e ore or after six o clock. nee Rofiy 

1 I 
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The celestial signs and constellations on the 
i of the celestial globe, are represented by a 
variety of human and other figures, to which the 
stars that are either in or near them, are referred. 

- The several systems of stars, which are applied 


| to those images, are called constellations. Twelve 
of these are represented on the ecliptic circle, and 
extend q both northward and southward from it. 


So many of those stars as fall within the limits of 


s degrees on both sides the ecliptic circle, together 
with such parts of their images as are contained 
within the afore 
broad hoops! belt, ARNIE hich. "ated; the 


esaid bounds, oonstitute a kind of 


odiac. ; 1 1155 
The names and the inn wa of be 


IN 


| e ue of the ecliptic may be learned by in- 
speetion on the surface of the broad paper s 


and the constellations from the globe itself. 
The Zodiac is represented by eight . Mg 
rallel to the ecliptic, on each side thereof; these 


eireles are one degree distant from each other, so 
that the ils breadth: of the 


e EO er at: CNY yd noting 


lia is sinteen 


th. PR 57 n the latitude, of the hs 5 
rok is reckoned'; and in their apparent motion 


= — of I "SE 36 


ub Se age are eee and how, on 


the south side of it, southern-constellayians;+ -, 
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n 1 11 


— "Ne stars 1 compose these constella- 
tions, are supposed to increase their longitude 
continually ; upon which supposition, the whole 
starry firmament has a slow motion from west to 
east; insomuch that the first star in the constella- 
tion of Aries, which appeared in the vernal inter- 
section of the equator and ecliptio in the time of 
Meton the Athenian, upwards of 1900 Arp ago, | 
| 25 now removed about 30 degrees from it. 
This change of the stars in longitude, which has 
now become sufficiently apparent, is owing to a 
small retrograde motion of the equinoctial points, 
of about 50 seconds in a year, which is occasioned 
by the attraction of the sun and moon upon the 
protuberant matter about the equator. The same 
cause also occasions a small deviation in the paral- 
lelism of the earth's axis, by which it is continuall 
directed towards different points in the "heavens, 
and makes a complete revolution round the ecliptic : 
in about 25,920 years. The former of these mo- 
tions is called the precession of the equinozes, I the 
latter the nutation of the earth's axis. In \conse< 
quence of this shifting of the equinoctial points, an 
alteration has taken place in the signs of the eclip- 
tic ; those stars, which in the infancy of astronomy 
were in Aries, being now got into Taurus, those 
of Taurus into Kanes &.; 3 80 that the stars 


* 
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| | which rose and set at any particular season of the 
Voear, in the times of Hetiod, Eudorus, and Vi irgil, 


will nat at present anzwer the description sien of 
tem by lers 


1 N 


Peeshas x T hls mY morivh' 7 f. 


equinoctial points backwards, or by antecedentia, 1 805 
the celectial ou” 85 5 


| Kleyate the ks i ge S0 Wong its axis may whe 
perpendicular to the plane of the broad paper cir- 


* 
, * 51 a7 


dle, and the equator will then be in the same plane; 
let these represent the eęliptic, and then the poles 


of the globe will also represent those of the eclip: 


tics the ecliptic ling upon the globe will at the 
same time represent the equator, inclined in an 


angle of 235 de 


es to the broad paper eirele, now 


called the ecliptic, and eutting it in two bee 


which are called the equinoctial intersections... 


No if you turn the globe dowly round-upon : 


: 18 50 from east to west, While it is in this posi- 


tion, these points of intergection. will move round 


the same way; and the, inclination of the ale 5 = 


” 


which. in sheying this mo 


. 5ents the equi- | 


Boese, will vat be altered, i 


the intersect 


ing or equinogtial points. This mo- 


tion is called the precegsion.'of the equinoxes, be- 


ov 3:6 ies the equinootial eee een 
BED. among Wehe tas 


| rns n. „ 
he poles of the world seem to describe a circle 
from east to west, round the poles of the ecliptic, 
arising from the precession of the equinox. It is 
a very slow motion, far the equinoctial points take 
up 72 years to move one degree, and therefore 
they are 25,920 years in describing 360 degrees, | 
or completing a,revalution.;, CRIES 
This motion of the poles is 20 Hani | 
by the above described” position of the globe, in 
which, if the reader. remembers, the broad paper 
circle represents the ecliptic, and the axis of the 
globe being perpendicular thereto, represents the 
axis of the ecliptic ; and the two points where the 
circular lines meet will represent the ales, of the 
world, whence; as the globe is slowI turned from 
east to west, these points will revolyę the same way 
about the poles of the globe, which are here sup- 
posed to represent the poles of the ecliptig. The 
axis f the world may revolve as above, although 
its situatiom with respect to the ecliptic, be not 
altered; for. the points here supposed to represent 
the poles. of the world, yall always keep the same 
distance from the broad paper circle, which, repre- 
eme, the agliptin in this situation of the globe. 
From the different degrees of brightness in the 
stars, some appear to be. greater than others, or 
nearer to us; on our celestial globe. ORE 
| hed 1 se — magnitudes, .. 
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14 r 24 And t THEM. n 


| 13 10 d rn 
ates to the sun is of such 
iihportance: to man, that in all things he claims a 
pre- eminence! The sun is at” once the 
most beautifull emblem Gf the 80 reme 5 
and, under bis inſfuence, the foxternig\parent of 
worlds; being present to them by bis rays, cheer- 
- Ing them by his countenanee, cherishing them 5 
His heat, adorning them at each returning spring 
the gayest 00 'richeat" attire, illuminating . 
wich bis light, and feeding the lamp of life. 
- Fo the ancients he was known under à varie 


"i names, each characteristic of his different ef. 


s; he was their Hercules, the great deliverer, 
the restorer of light out of darkness, the dispenser 
of good, continually labouring for che happiness of 


" depraved race. He was the Mithra of the Per- 


* a word deriyed from love, or — because 
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the whole world.is cherished by him, and feels as 
it were the effects of his love.” 7 0 
In the sacred scriptures, the original/1 source of 
all emblematical writings, our Lord is called our 
sun, and the sun of righteousness ; and as there 
is but one sun in the heavens, 80 there is but on 
true God, the maker and redeemer of all things, 
the —— the 2 and the life of the 
seul. ald T OM t h 10 Rn ei 
£ ed AJ: seripture our Gall PO Te of as 4 shield 
| and buckler, so the aun is characterized by this 
mark: ©, „representing a shield or bu ckler, the 5 
middle point the umbo, or boss; because 1 it is 
10vepoe life, vous erer enen fear and 
dentb. ue OH oro ths iQ. 2664 
———— ral; Ake idk! of” Heh; taks 
their circuit round the earth; there is no corner 
of i it so remote as to be without the re: ich of their 
vivifying and penetrating zower! As the material 
light is always ready to run its heavenly race, and 
daily issues forth with renewed vigour, like an in- 
vineible champion, still fresh to labour; 80 like. 
wise did our redeeming God rejoice 10 run His 
glorious race, he excelled in strength, and trie pk- 
ed, and continues to triumph over all the powi 
of darkness, and is ever manifesting himself as the 


deliverer; the protector, the friend, ad Diu gn. "of 
ap ee Gp | 5 Ab {9 22081 
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25 Te. path — R's globes. is to put it in 
that position in which it may — exagtly the 
apparent motion of the heavens. i n ud 

In different places the position nl Vary; and 
that acearding, to the different latitude of the 
places. Therefore, to rectify for any place, find 


first, by * ee gl D 


LO ends ame od) ee 
2d ; The, latitmds, of te place: ane nn in de- 


grees, elevate the ee, of the celestial globe the 
game number of and minutes above the 


plane of the 7 for this is the name given 
to the broad paper cire 


tet be globe be moved aeg lan of be h | 
| in that, poigt. I "bes. Ar FAN 
i f 18+ for the gun's place, 


„Tbe next 


| icy may he performed ag directed in Prob. xxix; 
an look. for che day of the, month close under. the 


against which is the sun's ple 


sun over that point, ban bring 


5 the un's place, to the graduated edge of the strong 


- meridian, and set ag ider to > the 


Thus, on the 24th of May 3 gan! is in * de- 


most elevated XII. 1 ts N hd: 


yrees of eons and is situated near the Bull's 


5 role, in bender 
pal,glohe. at 's FISOF: e-. BI ie nee 1 T5 189 11% pres} 4 
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eye and the seven stars, which are not then visible 
on account of his superior light. If the sun were 
on that day to suffer a total eclipse, these stars 
would then en ee with theiy Semen 
brightness. 
Lastly. Set the meridian of th globe non and 
south by the compass. 1 
And the globe will 1 rontifie, or pat into 
legit position to the concave 165 en of the bes- 
vens, ſor the given latitude, bon Bob g 


" ProBLEE 111. Tv find the rig, axcension 600 
declination UE the gun un for any day. | 


Bring the sun's- place in the pl 3 the 
given day to the meridian, and the degree of the 
meridian directly over it is the, sums declination 
for that day at noon. The point of the equinoc- 
tial eut by the meridian, when the sun's ht is 
under jt, will be the right ascension. | 

Thus, April 19, the sun's declination is 1 1 14 
nortb, his right ascension 27 30. On the first 
of December the gun's declination is 215 *. south, 
_ a56ension. oy 50. n bas non | 102 


p 15. 4 find the. un „ et ascen- 
sion and descension, its eastern and western we | 
tude, and time of rising and n. on 2 * 

time, in any given place. | 


| 1, Rectify the globe for the latitude, the Ze- 
nith, and the sun's place. 2. Bring the sun's 
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place to the eastern side of the boriron; then the 
number of degrees intercepted. between a degree 
of the equinoctial at the horizon and the begin- 
ning of Aries, is the sun's oblique ascension. 
3. The number of degrees on the horizon inter- 
cepted between the east point and the sun's place, 
is the easterh or rising amplitude. 4. The hour 
ee by the index is the time of sun-rising. 
5. Carry the sun to the western side of the hori- 
2on, and you in the same manner obtain the ob- 
que descension, western amplitude, and time of 
setting. Thus, at London, ow; 1, * 
1 Sun 8 Seeed ascension 18 48” 
i Eastern amplitude 24 W 
"fs: +-vrgo Wie of rising De Mb dom 
Oblique descension 257˙⁵„ü 7. 
Fre 121293 ae We amplitude * 40% ge? 5 
1 1 8 ; OE of e — eee ame 


A N ; 
I {41 4 © WJ 24 . * 1 4 


8 o 


| Hong v. 75 fond: the cunt s eite dltinae. 


Kectify the globe for the luchiaide; enich; kid - 
sun's place; and when the sün's place is in the 
meridian „ the degrees between that point: and the 
horizon are its meridian altitude. | Thus, o on May 
1 7, at London, the meridian altitude of the sun 
i he 55”. e 
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| PROBLEM I. To find the length of any Jay in 
the year, in any latitude not Exceegoing 663 degrees. 1 


> 


| Elevate, the celestial globe to the latitude, and 
set the center of the artificial sun to his place 
upon the ecliptic line on the globe for the giyen 
day, and bring its center to the strong brass me- 
ridian, placing the horary index to that XII 
which | is most elevated; then turn- the. globe till | 
the artificial sun cuts the eastern edge of the bo- | 
rizon, and the horary index will shew the time of 
sun-rising; turn it to the western ak, and you 
obtain the hour of sun- setting 

The length of the day and night will hey ob- 
tained by Nen Wo? time of sun-rising n 
ting, 2 befbren“ * 50), YA 1 


Pn LEM 3 05 75 fnd the EY i the hf | 
and chor best days ry by. latitude at cope not pr” | 


bol aue, nus ati dar zun be ge 


"_Eleyate the globe according to the latitude, and 55 
Be the « center of the artificial, sun ſor the longest 
day upon the firſt point of Cancer, 'but for the 
shortest day upon the first point of Capricorn 1 
chen proceed a8 in the last problem. 5 yy we 

- But if the place hath south latitude, 1 —— sun is 
in the first point of Capricorn on their longest 
day, and. 1 in the first POE. of ne on tl their | 
: shortest da ay. meet tae i, i HO: 5 


83 + 


334 PROBLEMS, - 

„3 viii. To find the latitude of a 3 
in which its longest day may be of any given length 
between twelve and 9 Hour hours. © 


Set the artificial sun to the first point Cin 
cer, bring its center to che strong brass meridian, 
and set the horary index to XII; turn tbe globe 
ull it points to half the number of the given hours. 
and minutes; then elevate or depress the pole till 
the artificial sun coincides with the horizon, and 
| that elevation of the pole is the Engng 1 


. a . bd 12005 5 1 wag) is 
: PronLam IX. To Py the time. Wh — bur 
rating and getting, the length of the day and night, on 
any place mouse latitude. lies between the, polar cir- 
cles; and alto the length of the shortest day i in am c 
f Wan latitudes, andi in We climate 0 are. | 


8 Rectify the het. to the Jatizade of the given 
_ Place, and bring the artificial sun to his place in f 
the ecliptic for the given day of the month ; and : 
l then bring its center under the strong brass meri- 4 
dien, and set the 10 index to that * which 
is most elevated. Wai 
Tben bring the center of wwe Agi sun to 
che eastern part f the broad paper circle, which 
in this case represents the horizon, and the ho- 
rary index shews the time of the un- rising; turn 
the artificial sun to the Western side, and the ho- 


rary index in Shew the time of the e sun setting. 


1 


. 
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Double the time of sun-rising is the length of 
the night, and the double of that of . 
is the length of the day. 6.32 een 

Thus, on the 5th day of June, the sun rises at 
3 h. 40 min. and sets at 8 h. 20 min.; by doubling 
each number it will appear, that the length of this 
day is 16 h. 40 min. and that of the night 7 h. 
20 min. | 
Ihe longest day at al lies in north latitude 
is when the sun is in the first point of Lee 
And, A 
The longest day to Je? in a. 3 
when the sun is iu the first point of Capricorn. 4 
Wherefore, the globe being rectified as above, 
and the artificial sun placed to the first point of 
Cancer, and brought to the eastern edge of the 
broad paper circle, and the borary index being set 
to that XII which is most elevated, on turning the 
globe from east to west, until the artificial sun co- 
incides with the western edge, the number of 

hours counted, which are passed over by the ho- 

rary index, is the length of the longest day; their 
complement to . hours War the en 
_ the shortest night. 

I twelve hours be 1 FO hs length 
pw the longest day, and the remaining hours 
doubled, you obtain the climate mentioned by an- 

- cient historians; and if you take half the climate, 
and add thereto: twelve hours, you obtain the 
; n of the longest * in that climate. This | 
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holds good for ws climate between the, __ 

A te is a space upon as) fe of the 
earth, 'contained between two parallels of latitude, 
80 far distant from each other, that the longest day 
in one, differs half an hau Me the SIO ”y 
in the other parallel. „ E e e 761 


N % 
8 F 1 75 


| SY X. The latitude of a lacs bang given 
in one of the polar circles, (suppose the northern) to 
find what number of days (of 24 hours each) the sun | 
doth conttantly Shine upon the same, how long he is 
absent, and 4% He fret and Red day of his ap- 
Warance. 43 ; 


4 fig bodied: the ie ee to Sha way 
titude, turn ĩt about until some point in the first 
* of the ecliptic (because the latitude is 
north) intersects the meridian in the north point 
of the horizon; aud right against that point of the 
ecliptic, on the horizon, stands the e of the 
a when the longest day begins. . 

And if the globe be turned about: dll some = 
point in the second quadrant. of the ecliptic cuts 
the meridian in the same point of the horizon, it 
will shew the sun's place when the longest day 
ends, whence the day of the month may be found, 
as: before; then the number of natural days con- 
- tained: ay the times the ene 


+ Mt: 20 T. 22880 2 T9 10 F £3. iD ea? v4 2 4415 
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ind ends is the length of the A 25 re- 
Wired. 85 if 

Again, turn ine: phi EY __ some he 
tbe third quadrant of the ecliptic cuts the me- 
ridian in the south part of the horizon; that point 
of the eeliptic will give the time when the W e 
night ep 

Lastly, turn the 0 3 "EW some point 


in the fourth. quadrant of the ecliptio cuts the me- 


ridian in the south point of the horizon; and that 

point of the ecliptie will be the place of the sun 
when the longest night ends. le 

Or, the time when the longest day or might 1 
gins being known, their end may belaad by 


counting the number of days froin that time to 
the sudceeding solstice; then counting the same 


number of days from a ee boos will give 
the time when it ends. | lo Ted 


. * * * 
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enter into a disquisition of the nature of time. It 


is sufficient to observe, that if we would with ex- 


actness estimate the quantity of any portion of 
infinite duration; or convey an idea of the same 


to others, we make use of such known measures 
as have been originally borrowed from the mo- 
tions of che heavenly. bodies. It is true, none 0. 
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these . are exactly a; na ifaw, blis 
are subject to some small irregularities, which, 
though of no oonsequence in the affairs of civil 
life, must be taken into the account in astrono- 
mical calculations: There are other irregularities 
of more importance, one of which. is in evans _ 
| quality of the natural day. 89778 | 
It is a consideration that cannot bs Alert HER 
upon without surprize, that wherever we look for 
commensurabilities and equalities i in nature, we 
are always disappointed. The earth is spherical, 


but not perfectly so; the summer is unequal, 


when compared with the winter; the ecliptic dis- 
| agrees with: the equator, and never cuts it twice 


in the same equinoctial point. The orbit of the 


9 Kal has an eccentricity more chan double in 
proportion to the spheroidity of its globe; no 
number of the revolutions of the moon coincide 
with any number of the revolutions of the earth . 
in its orbit; no two of the planets measure one 
* another: and thus it is, wherever we turn our 
thoughts, so different are the views of the Creator 
from our narrow conception of things; where we 
look for commensuration, we fiad eg and 
ea OY vos 70 Ve Try 5445 4 82) 62 6 rev ugh 

Thus ancient astronomers W upon the 
motion of the sun to be sufficiently regular for 2 
then mensuration of time; but, by the aceurate 
observations of later astronomers, it is bund that 

neither the days, nor even the hours, as measured 


— 
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by de ito apparent motion, are of an Dermal | 
len „on two accounts. 
Ist. A natural or solar day of 24 ak is 1 ; 
space of time the sun takes up in passing from any 
particular meridian to the same again; but one 
revolution of the earth with respect to a fixed 
star, is performed in 23 hours, 56 minutes, 4 se- 
conds; therefore the unequal progression of the 
earth through her elliptical orbit, (as she takes 
almost eight days more to run through the nor- 
thern half of the ecliptio, than she does to pass 
| through the southern) is the reason that the 
length of the day is not exactly equal to the time 
in which the earth performs its rowtion: n word 
= 0 8 N , 

4. Nom the obliquity of: the io to abe 
Been. on which last we measure time; and as 
equał portions of one do not correspond to equal 
portions of the other, the apparent motion of the 
sun would not be umſorm; or, in other words, 
those points of the equator which come to the 
meridian, with the place of the sun on different 

days, ee not be at erer e from each 
then mà2 r in l n 


4 139 4}? 1 * £743 oh * 1 7 * 5 +4 3 p41 1 8 * 


- PrOBLBM:X4-// To e by the _ 40 ak 
of the equation, of time 48 is in con ez. W 1 


ui s appatent motion, in the: ecliptic. 


Bring every tentii degree of the Se be 
e ide of the strong brass . and 
FFF 


i 
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ou will nd that. each tenth degree on who equstor 

will not come thither with it; but in the following 
order from T to S, every tenth degree of the 
ecliptic, comes sooner to the strong brass meridian. 
than their, e responding tenths on the equator; 
those in the second quadrant of the ecliptie, from 
5, to , come later; from to V, sooner; and 
from W 0 „ later; whilst those. at- the begin- 
ning of each quadrant come to the meridian at 
the same time; therefore the sun and clock would 
be equal at these four times, if the sun was not 
longer in passing through one half, of the ecliptic 
than the other, and the two inequalities, joined 
compose that, difference whioh incalled | 


5 the equation of time. 


These causes . een "ay 
sometimes they end at th, nen con- 
to one ane 


3 NE: ES 65 W 30 SLE, 13" . 49 N 


# mp inequality of. the are 18 eee cause 


CY ,clocks. or watcbes are en en | 
sometimes behind the sun. TO ine N 113 
I A good and mell-regulatng. 1 goes uni- 


| nds on throughout the year, so as to mark the 7 


1 hours of a natural day of a mean length; a 
sun- dial marks the hours of every day in such a 
manner, that every hour i is a 24th: part of the time os 
between the noon of that day, and the noon! of 


| dhe NG 8 8 Tbe time now | | 
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The use of e ANN INE 10 u Ens 
more conspicuous than in the problems concern- 
ing the fixed stars. Among many other advan- 
tages, it will, if joined with observations on the 
stars themselves, render the practice and theory of 
other problems easy and clear to the pupil, and 
vastly facilitate his pon astronomical know- 

- 1) mts Bin * 60 ap e ile #D Sift 
in 8 are as much studded over: wite 
stars in the day as in the night; only they are 


then rendered invisible to us by the brightness of 


the solar rays. But when tbis glorious lumninary | 

descends below the horizon, they begin gradually 
to appear; when the sun is about 12 degrees be- 

low the horizon, stars of the first magnitude be- 
come visible; when he is thirteen degrees, those 


5 those of the third magnitude appear; when fiſteen 


degrees, those of the fourth present themselves to 


view when he is descended about eighteen de- 


grees, the stars of the fifth W ene, e 
and those that are still smaller, bec 


cuous, and the azure ey ang. with all % | 
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e XII. To 4 are ascension Ty 
declination. of e ITILA l 


»* 


Bring the. given star to a e ee a the 
degree. under which it lies is its declination; and 
the point in which the tneridian intersects the 
| equinactial is-its right ascension. Thus the . 
dàscension of Sirius i is 99?, its declination 1625 
south; the right ascension. of Arcturus i 15211 ar, 

its declination 20? 20: north. * vid} 5 „liger en 

The declination is used to find; the latitude of 
| places; the right ascension is used to ſind the time 
at Which a star or planet comes to the tneridian; 
to nnd at any given time how long it will be be 
fore any celestial body comes to the meridian; to 


| \ deterring in what order dbose bodies pass the 


a ve to _ a catalogue of the ere 


F 20 J * 4 is * : — 'x 42 12 
nn än 1; oof * inn Mt 101 10% 
* 


N * 


* 


l To _ the een und lon- 
een ae. dan il 01 Jo e 
2 7 l Bil: n If] eee Vt; 42 50 Sener . 
NE the pole ak dente to tho meridian, 
dpyer which ki the quadtant of altitude, and; bold 
ing the globe very steady, move the quadrant to 
lie over the given stat, and the degree on the 
quadrant cut by the star is its latitude; the degree 
pt the ecliptic cut at the same time ny the al 
bent ue he Py of the jars © 
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Thus the latitude of Arcturus is 30730, its 
Jongitude 207 200 of: Libra: the latitude of Ca- 
pella is 122" 22 nom 05 ae 182, 8 0 | 
Gemini e nl a0 8 * Oy np LY 
The latitude: an geddes of stars is _ 5 
fix precisely their place on the globe, to refer pla- 
nets and comets to the stars, and, lastly, to deter- 
mine whether they have any motion, whether "oy 
stars "my or new ones en 1-6 e 
5 "PROBLEM XIV. Theirigh ascension- and decli- 


nation ef u stur TY er 10 t ts ene on ay 
Globe. . ; 


ie 2018 181 5K 23.01 IRE 13 vt. ord, 
Turn an \globe.cll the Rh cuts the equi: 
nootial in the degree of right ascension. Thus, 
for example; suppose the right ascension of Alde- 
baran to be 655 30“, and its declination to be 16˙ 
north; then turn the globe about till the meridian 
cuts the equinoctial in 65” 30', and under the 160 
of the meridian, on the northern part, en 
e ee a RE ind l. ps 


14 , 72 
Gs Li l 2 25 : i Ty &e F A rae a 8 77 


Pang Xv. m bu at 5105 TAR any 6 novo 
nor Sarees the meridian. at any given 4. : 


| Find the sun's eee for that day in thi ow 
2 bring it to the strong brass meridian, set the 
horary index to XII G elock, then turn the globe 


— 
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till the star comes to the We n 


will mark the time. Thus ſon the 1 5thof August, 


Lyra com̃es to the meridian at 43 minutes past 
VIII in the evening. On the 14th of September 


the brightest of W at 191 e 


dian at IV in the morning. . 43 * i 75 1 5 14 
This problem is useful fo jr Sao 3 ho: 
look for any star on the meridian, in order to find: 


| the lalitude of a  plavogts 1 clock, &o, xi 


+ vo 


Prop xs; ee what ”Y 4 { een ; 


FIR 5 | 
. the | given star to the —_— 3 —9 


the index to the Pproposetl hourj-then! turn the. 


globe till the index points to XII at noon, and 


obberve the degree of the edliptio then at the me- 


 Tidian; this is the sün's place, tl the day answering 


to Which may be n the calendar of ab 


broad paper cirole. eh ai Jatiponigaps gan atro” 
By knowing En the hour be in the orn. 
ing or aſternoon, it will be easy to perceive- which 
way to turn the globe, that the proper XII may 


be pointed to; the globe. mi. 285 turned, towards 
the west, if the given, hour be n the morning; 
towards the Last, if it be e 5 


2 SHY 


Thus Ateturus will be on the-moridian': at 1 


in the moriüng on March the 5th. and Cor Leo: 
nis at VIII in the FOE on . We 


i 
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PROBLEM XVII. To represent then fate" of the 
heavens on the globe for a given hour on any day of 
the year, and learn o e pom the , m_ N. 


2 


"Ex 2 * 1 %. p 


| 3 thei, globe. t 8 5 eren N of the 
place and day of the month, setting it due north 
and south by the needle; then turn the globe on 
its axis till che index points to the giyen hour of 
the night; then all the upper hemisphere of the 
globe will represent the visible face of:the heavens 
for that time, by which it will be easily seen what 
constellations and stars of note are then above our 
horizon, and what position they bave with respect 
to the points of the compass. Imo this se, stlip- 
posing the eye was placed in the center, of the 
globe, and holes were pierced through the centers 
of the stars on its surface, the eye id: perceis 
_ _ through those holes the yatious corresponding 
stars in the firmament; and hence it would be 
ceeasy to know the various constellations, at sight, 
and to be able to call all the stars by their names. 
Observe some star that you know, as one of the 
Pointers in the Great Bear, or Sirius; find the 
same on the globe, and take notice of the position 
of the contiguous stars in the same or an adjoining 
constellation; direct your sight to the heavens,” 
and yqu will see those stars in the same situation. 
Thus you may proceed from one constellatien to, 


— 


, * 


%% © pROnLEMGS, 


another, till you are acquainted with most of as 


020% e U eee e ee e 
ee For example. "The itatian of os stars at 


N 8 on the gth of copia eden at 2 min. 9 * 
in the evening, is as follows: 


“ Sirius, or the Dog star, is on the meridian, 


its altitade 29% Procyon, or the Little eat 


36? Wwufds the east, its altitude 435: dbout 24 


abdve this last, and something more towards the 


eust, are the Twins, Castor and Pollux: S. 657 E. 
and 35 in height, is the bright star Regulus, or 


| Cor Leonis: exactly i in the bast, and 22 high, is 
the star Deneb Alased in the Lion's tail: 307 from 
| the east' towards the north, Arcturus is about 38 
above the horizon: directly over Arcturus,” and 
312 above the horizon, is Cor 
ent are dhe stars in the/extremity of the "Great 
" Bear's tail, Aleath the first star in the tail, and 
Dubhe 105 northernmost Pointer in the same 
constellation; the altitude of the first of these is 
303% that ok ow ebend N ad dere 
N Nr 56% ee Snoring oy ene VEE 


zroli; in the north- 


1 n eee we see able beautiful 5 


| emen Orion; the middle star of the three 

in his belt, is S. 205 W. its altitude 35 nine 

degrees below the belt, and a little more to the 

5 N is Rigel, the bright star in his heel: above 0 
bis belt, in a straight line drawn from Rigel 


een the middle and most northward in his belt, | 


T0 9* 1 0 is the e star in bis uber, | 


{ 


* 


opus. 347 


s. 49 W. and 454 above the horizoti; is Aldeba- 
ran; the southern eye of the Bull: a little to the 
west of Aldebaran, are the Hyades: the same al- 
titude, and about 8. 70 W. are the Pleiades: in 
the W. by S. point is Capella in Auriga, its alti- 
tude 73%; in the north-west, and about 42? bigb, 

is the constellation Cassiopeia: and almost in the 
+ 3 near The” OREN; „ is eral Saen 

O ene. abe J ö e eee 


2 


20 


Nag LEM XVIII. To. trace was ira 4 the 
ere in a ane ame. 
* shall W 9 problem fi Fog pros of: _ 
autumnal equinox; because that intersection of 
the equator and eoliptic will be directly under the 
depressed part of the meridian about midnight; 
and then the opposite intersection will b 2 elevated 
above the. horizon; and also because our first 
meridian upon the terrestrial globe passing through 
2 London and the first point of Aries, when both 
5 globes are rectified to the latitude, of London and 
to the sun's place, and the first point of Aries is. 
brought under the graduated side of each of their 
meridians, .we shall have the corresponding face 
of the heavens and the earth represented as they 
are with respect to each other at that time, and 


the principal circles of each phenyl a 
| with each other, 


* 4s 


* 


+ * Bronly's 8 * * the Globes, 


es To 
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220 The, . is then) distinguished, if we we 
from. the north and count westward, by the fol- 
lowing constellations; the hounds and waist of 

Bootes, the northern grown, the head of Hercu- 


3 les, the shoulders of Serpentarius, and the Sobies- 
wy Fi's shield; it passes a little below the ſeet of Anti- 


nous, and through those of Capricorn; througb the 

Sculptor s frame, Eridanus, the star Rigel in 
Orion's foot, the head of Monoceros, the Crab, 
the head of the Little ns 2 ads? Fw of the 
Great Bear; N e * 14 EL ne 
I) be meridian is them: wid by ths equi- 
n colure, . which passes through the star 
marked 7 in the tall of the Little Bear, Under the 
north pole, the pole star, one of the stats in the - 
back of Cassiopeia's chair marked 8, the head of 
Andromeda, the bright star in the wiüg of Pega- 
sus marked 7, and the FSW of the tail of th 


| Whale. 5 a Eee ö N TEL 10 5005 8 
That part of Us ac ütbr ITY is Aeon 
the horizon, is distinguisbed on the western side 


by the Wörle part of Sobieski's shield, the 
choulder of Antinous; the head and vessel MEA" - 
rius, the belly of the western fish in 'Pigovs;\ it 
passes through the head of the Whale and a bright 
85 oe: men in the corner of his mouth, and 
thence through the star marked d in the belt of 
= ri mn, at it thav time near the eastern 17 of "hy 
eee. 5 


— 


% 


„That balf the ecliptic which is - chi 8 the 
| — if we begin from the western side, pre- 
sents to our view Capricornus, Aquarius, Pisces, 


Aries, Taurus, Gemini, and a part of the constel- | 


lation Cancer. 11055 x3 

The $oloticial alen e 3 ck ado 
passes through Cerberus and the hand of Hercules, 
thence by the western side of the constellation 
Lyra, and through the Dragon's head and e 
through the pole point under the polar star, to the 
east of Auriga, through the star marked in the 
foot of m 0 W "ns _ ang elbow ob. 


| Orion. 


7 * 


Tbe we e 3 8 IG Salad © ofit the. 
meridian. under the elevated. pole, advaneing to- 
wards the west, passes through the shoulder of 
the Great Bear, thence a little to the north of the 
star marked a in the Dragon's tail, the great knot 
of the Dragon, the middle of the body: of Cepheus, 


the northern part of Cassiopeia and base of her 


"MY rone, through SO eee and ho. beads of | 
the Great Bear. 
The tropic of Cancer, Gland: Cm. bogs 1 
the horizon, passes under the arm of Hercules 
under the Vulture, through the Goose and Fox; 


which is under the beak and wing of the Swan, 


under the star called Sheat marked g in Pegasus, 
under the head of Andromeda, and through the 
7 star marked o in the fish of the constellation Pis- 
oF des, above the Wok Star inde cad. of the Ram 


E 


. 
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marked a, through the Pleiades, between the 
horns of the Bull, and through a group of stars at 
the foot of Castor, thence above a star marked 8, 
| between: Castor and Pollux, and so through a part 
of the constellation Cancer, where it disappears by 
passing under: the eastern part of the horizon. 
The tropic of Capricorn, from the western side 
of che horizon, passes through the belly and under 
the tail of Capricorn, thence under Aquarius, 
cmhrough a star in Eridanus marked c, thence un- 
| _ the: belly of the Whale, through the base of 
the Chemical Furnace, whence it goes under the 
tare at the feet of Orion, re chere depressed 
under the horizon: OSLO. bn a ET IIOIRAT 4 
The southern polar cirele is \invisible to the 
inhabitants bene, by being under our ho- 
e pint anne Von 16a tod 
83011 £4 15 e's 193 Ain tins 34 *. i 5110 e A ait 
Aeüne Ferry AAC TTC einclks, on [39:8 
ES OF ek ages arkanen Anno 
e ee acl eee e ee, t e! 
78 EY bh ag}: Bru tact 
105 . eee woche terrestrial 
globe, as well as the largest eirele of declination 
ont the celestial, that appears entire above the ho- 
rixon of any place in north latitude; was culled by 
de ancients eee e cirels, or eirele on 5 
tual apparition-. FFF 
etween the aretic ele e the north pol 10 
eee in ontaimec Wy" these stars 
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which never set at that place, and seem to us, by 
the rotative motion of the earth, to be perpetually 


carried round above our e in en Rn: 


to the equator. #4 4; 

The largest "le of 3 Fo the ee 
and the largest parallel of declination on the ce- 
lestial globe, which is entirely hid below the ho- 
riaon of any place, was by the ancients called the 


antarctic e or "_ of ops tual, 1 8 


tion. 325 Dr; Th fs 


* 4 


This circle F all 20 ae Were E en 


rise in that place to an inhabitant of the northern 


hemisphere, but are perpetually below the horizon. 


All arctic circles touch their horizons in the 
| north point, and all antarctie circles touch their: | 


horizons in the south point; which point, in the 
terrestrial and celestial mere is the interncotibn 


_ of the meridian and horizon. i E757 28 tc 


If the elevation of the pole be 45 3 de 


most elevated part either of the aretie or ontarcti:. 


% 


oi will be in the zenith of the place. 


It the pole's elevation be less than 45 4 
che zenith point of those places will fall without 


its aretio or antarctic circle; if ee will fall 7 
: within. : . 42729 


Therefore, the nearer any ace 7 is to the equa- 
tor, the less will its arctic and antarctic circles be; 
and on the con trary, the farther any place is from 


0 the ee the e ” are. 80 e 
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„At the poles, dhe equator may be cobsidered as 
diba pt and antaròtic circle, because its 
Fee evineident with that of the horizon. 

But at the equator (chat is, in a eee 
| theivis neither arctic: nor antarctic circle,” | | 

They whorlive:under the northern polar circle, 
baut the tropic of Cancer for their arctic;-and that 
ol Caprieorn for their antaretic circle. 

And they who live on either tropic, bave one * 
the polar circles for their 3 m the er, for 
| thelpaniattic=rirole. "ie eobglogt pied eld 

mee; Whether la d all within or. 
Lede ane their distance from the zenith 
of any place is ever equal to the difference be- 

7  ivinthepole's elevation and that of the equator 


\ Prom what has been said, it is plain there may 
Ve as many arctic and antaretic circles; as there 
are individuul points upon any one meridian be. 
__Ivermhe north and south poles of the earth. | + 

Many authors have mibtaken these le, eir- 

oe and have given their names to the immu- 

table polar eireles, which last are arotic and an- 
bete _—_— yOu ee e ee 


CY 


* ups ee VF 5 ig? v E oa oft]; 5,44 "= $49 KE. 


\ 
4 a 7 * een y 2 5 7 N Ba . % . e T6 Io - ;F 850 5 4 At if b pn # £ 
8d len 078 % Bein n : tit Sat 304 tor; 


wins OY N. 1s dn 307 ien My no h. 


* 


818 Len“ THIN re dy 018 1 Ale 


3 5 J { & 's ? ; . 
$* n e 6 ” * 8 ; p * 15 7 
OY | * n nth "C20 * * Sf ory 4 : — A - . 8 „ * P 
E. * - pF F ) 5 l 1 : 8 5 + F "i LD Son 2 27 
8 Ke . ß ß Tre ee i pO SIT ETA go ®. Da Gag Lt Gy 3 X75 035 80 
* 
— # 
/ 5 


* 


above che horiporr of that place! A 47 ene 


PROBLEMS: ES 353 


* 


 ProwurM XIX To ind the cirtl' or pdrallel 


þ of perpetudPF dpparition, br vcent)ation F. = fixed or; 
ina given N 


n 24 : g 
8 K 18 X 
- J 2 a A wu 


57 ang the Ks to che lattlude of FR 
place, and turning it round on its axis, it will be 
immediately evident,” that the circle of perpetual 
ußpparition is that parallel of declination which s 
equal to the complement of the given latitude 
northward; and for the perpetnal eceultatioh, it 
is the same parallel southward; that is to say, in 
other words, all chose stars whese declinatiofis i 
ceed the '66-latitade, wilt always be visible, of | 
above the horizon; and all those in the oppôsite 


hetmisphere, whose declination erccede the bu, | 
|  tiflifle, never rise above the Horizon. 


For instance; in the lutitude ir anita 31 def. 

30 min. whose C8-latitude is 38 deg. 30 min. gives 
che patallels desired; for all hose stars whith are 
Within the circle, towards the north pole, nevet 
descetid below our Horizon; and alt those stars 
Which are Within the same circle, about the South | 
pole, Cat tievet be seen in the latitude of Lofidon, 

5 ns they never ascend above its horizon. e 
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"OF. PROBLEMS: abr ae 0 TRR AZIMUTH, 
i Ke. or TE SUN AND nee ay 


Pappen x2; Tie Iatitude of the place * 


8 1 Sun place being ae to cath He: zun s ampli- 
| IS „ n ie e795 DAY? I grins bak Sah; 


— 1331 „ * 


That degree from, 1 0 to west in the horizon, 
| wherein ma Walen rises re is called _—_ 


| Rect y 5 the ade, an bring: the 1 a place to 


oc 


„ 


the deen interce ae . Wes and 
the rn point wall br, the: en nde at 
Fising. Bal t Went 
If the same de tp yropght to the western 
* "Ade of the horizon, the arch of the horizon inter- 
cchpted between that point and the western . 
will be the sun's amplitude at setting. th 
Thus, on. the 24th of May the sun rises Thx 1 0 
with 36 degrees of eastern amplitude, that is, 365 
- degrees, from, the east towards the north, and sets 
"8 eight, with 36 degrees of western amplitude. 

The amplitude of the sun at rising and setung 
increases with the latitude: of the place: and i in 
very high northern latitudes, the sun scarce sets 
before he rises again. Homer had heard some 
thing of this, though it is not true of Bio Orgy 
ON, to whotn he 1 88 it. | | 


3 e Place. = 


ARQUHENS: £41151, Ib$ 


7 Six days a and nights a doubtful course we steerz 


The next, Ede Lamos' lofty towers appear, t ans | 


And Lzstrygonia's gates arise distinct in air. 
The shepherd quitting here At night the N 
| Calls, to succeed his cares, the watchful Swain, 
But he that scorns the chains of sleep to wear, 
And adds the herdsman's to the shepherd's care, 
So near the pastures and so short the e 


Hlis double toils may claim a double par, wy | 


(+ AO ION d labours of ae ew: 261 #0) 
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- PROBLEM XI. T9 ga, the. Sun's  allifude at 
aiy n time oo the any.” 1 


3 *% Ak 34; 0 f 14 


Set the center of the artificial aun 40 bis Roy 


in the ecliptic upon the globe, and rectify it to 
the latitude, and zenith; bring the center of the 


artificial sun under the strong brass meridian, and 
set the hour index to that XII which is most ele- 
vated; turn the globe to the given hour, and 
move the graduated edge. of the quadrant. to the 
center of the artificial sun; and that degree on 
the guedrants: which is cut by 0 sun's anti is 


the sun's height at that time. 


Ihe artificial sun being eds e e Ns 
pang brass meridian, and the quadrant laid upon 
its center, will shew its meridian, Or nn 
tude for that da. aon 

If che sun be in | Um. 8 bis e or 
mexidian. altitude, is equal. to the elevation of the 
equator, whigh is always aut tt: the 60-latitude | 
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4 x Thus o the 24th of May,” at nine o dock, the 


5 8 has 44 deg. dude. and at 
noon 20 des. a 


X in he alter. 


: * 
WS 4 Ain! 11 . 294 1 e mA wh 18 311 L 
fo BS, * . 1 
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9 4 als * 8 18 
5 F : . 1 1 Fw #65 15 7 e 
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F 5 a Y 0; \ ae Fx 1 4 — 1 
2 18 9 223; K 8 7% 54 IS 2 2 
or IHE AZIMU TRAL « on v FBBTIGAL CIRCLES. 
8 4.3 1 Ly 82 


| The vertical p point, 8 is, the, 8 point 
fo the eelestial globe, represents a point in the 
heavens, directly over our heads, which is called 
gur Zenith. BY ha 6 L 88 LC NAA oA 
From this point circular lines may be conceiv 
orossing the horizon at right angles. * 


These are called azimuth or ited beer, | 


That ane-which:croses: the horizon at 10 degrees | 
distance from the meridian: on either side, is called 


an azimuth eirele of 10 deg. that which erosses 


1 at 20, is called an azimuth of 20 degrees. 342-498 
The azimuth of 90 dep. is called the prime ver- 
10 Foal r it erosses on, horizon « ut e ths <ahatoit” and 


I : | fl points. 1449 15 
1 ad may Nl 


10 TOI 


« ny by the 


| graduated edge of the brass quadrant of altitude; 


when the center'upon which it turns is serewed to 
that pbint of the strong brass meridian which an- 
swers to the latitude of the e Jae! the place is 
brought into the bib! 6d 
ee echte on place 


any given time, it wilt 
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If the graduated edge be fixed at 2505 point, 80 


38 to represent any particular azimuth, and = 
sun's place be brought there, the borary inden 
will shew at what time of tat 0 the sun r | 


in that; particular azimuth, 
Here it may: be observed, tha the enpltue and 
| wimuth-are much the same 
The amplitude shewing wn 3 ee 


| jeet-when at rises or 95 tom the nd bana west 
ee ee 3 OS 


The azimuth the daring? of 3 any. een 8 it 


is above the horizon, either from the north or s ja | 


points thereof. These descriptions and illustra- 
Hong being understood, we may ee o 8 


V fr, $4 * < D. * 
d% 1 * 


e . "To fla . time > i aun | 


1 due east, the gay and. the latitude being given. 


- Rectify the globe; then if the Jatfinde? and * 
alination axe of one kind, bring the quadrant of al- 
titude to the eastern point of the horizon, and the 

sun's place to the edge of ibs ee and om 


inden will shew the hour.. 
If the latitude and e are 50 different 
kinds, bring the. quadrant io the western point of 
the horizon, and the point in the ecliptic. opposite 
to the sun's place to the rag wor 


— 


Lou will easily comprehend the 7 Son. of the 
 Gregoing eee en, n when, the qun is in 


» i 


* 


| 1a t. and 5 a 
" i the index will shew the hour. 
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2 


2000 on 12 abs. n FO EY © 


the equinoctial,: it 1 rises due east; but when it is 
in that part of the ecliptic which is towards the 


0 elevated pole, it rises before it is in the eastern ver- 


tical 6ircle, and ig therefore at that time above the 
horizon : whereas when it is in the other part of 
the ecliptic; it passes the eastern prime vertical be- 
re it rises, that is below the horizon; whence it 
evident, that the opposite point of the ecliptic 


must then be in the west, and above the horizon. 


The sun is due east at London at 7 h. & min. on 
the 18th of May. The second of August, at. 
Maw 65-2 pag is due east t at 5 h. 10 min. 


765 8117 . 
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W . eG xXIII. 7b 6 "beg hs les.  ectting, 
_ culminating of a star, its continuance above the © 
. horizon, and its oblique ascension"and'descension, and 


alto its" eastetn and western e 100 any 08 
3p . and place, N ol" 


2 3 2 
145575 Wes. te” 8 eee 


8125 Reotify the as to the wiirate yy zenith, 


P the sun's place for the — to the as 


and set the hour index to XII. 2. Bring the star 
to o the eastern side of the horizon, and its eastern 

nplitude, oblique ascension, and time of rising, 
will be found as taught oftthe sun. 3. Carry the 
star 10 che western side of the horizon; and in the 
bame manner its western amplitude, oblique 5 | 
scension, and time of setting, will be found. 
we ane uf ning. subtracted from ene cecg, | 
deer eee W dhe 1955 


. 


* 1 # YER 


PROBLEMS, : 359 


zon. 5. This remainder; * subtracted from 24 
Naas gives the time of its continuance below the 
horizon. 6. The hour to which the index points, 
when the star comes to the meridian, is the time 
of its culminating or being on the meridian. 
Let the given day be March 14, the place Lone 
don, the star Sirius; by I the problem 7 


888 


will 1 WE. e = 
It rises at 2 h. 24 win. ein; * 
Culminates RY w7 57 a 3 

Sets at 14 _ 10e baſs 


Tv above the heeibot Sem p ory 
Its oblique ascension 110 ee ure 120" * 
5 775 , and 1 ww Aryan: core 27* solithward, 


5 5 2 I» e ec ns. 8 . 
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Pao 1 8 The Fun, the ann of | 
the gun by day, or of « a Star by night, being given, 10 
| 5 the hour of the 4 and the Sun's or Star's CY 


8 1 * 
1 A 


_ «Rect hs b gia fort the Likes, 1 noni: | 
| ee sun's place, turn the globe and the quad- . 
rant of altitude, so that the sun's place, or n ; 
given star, may cut the given degree of altitude; | 
the index will sbew the hour, and 585 quadrant 
| will be the azimuth in the borizb mw. 5b 
Tubus on the 218t of August, at 9 when 
the sun's altitude is 36* in the forenoon, the hone 
bs IX, ang the azimuth 1970 from fo _ 


© 2 

EF o 

3 

* 


: U rens. 


8 December ach, when Rigel bad 1 _— 
of Lions the. uur v Was: . ee be 


— 9 4 5 ee - 304 a fl 
e xxV. Phe ahead FR of the 
day being given, to ae the altitude e wag of 
** my, or of @ Sap," 5 7 . 971 not 


ba ew 


Ractify: the globe- far the latitude, the zenith, 
and the sun's place, then the number of degroes 
| contained betwixt the Sun's place and the yertex 

is the sun's meridional zenith distaneg; the com» 
plement of which to 0. deg . is the sung meridian 
altitude. If you turn the globe abaut until the in- 
dex points to any other given hour, then bringing 
| the quadrant « of altitude ta qut the « sun's place, you 
will have the sun's. ahitude at that bout; b and | 
where the quadrant. Futs t the horizon, is the sun's 
azimuth at the same time. Thus May the first, 


* 


54 London, the sun's meridian altitude will be 5 
553 degrees; and at 10 'glpck'ip. the morning, 


_ the sun s altitude will be 46, degrecs, ap bis; agi. 
math about 44 degrees from be south part of the = 
meridian, On the 2d.of Deperaber, at Rome, at 5 
fis ig abs morning, the, alt ude ef Gapellatis; 41: 
deg. 58 min. its aniguth. 60 degi 50 Min, fim N, 
1% W. 600 {tt 1 iy 1 K 15 18 74 0 ug T i, 


9 Word 507 1 ons 502 01208 3 obugialy, : "ine. Bn 
« 33 e * - 10 8 92 15 amis 2 3-20) bas. ated 21 
* | | 45 e 
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rarer, 
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Denn NN VI. The lub, 1 
the day of the month being given, to find the defntve - 
Sin, of the gun below #ha horizon, ane lie n af 
any hour of the night,.\. 151195 8. | 


n weten Bes globe for Ws latitude, 15 
zenith, and the sun's place, take a .poink 2 the 
ecliptic exactly opposite to the sun's place, and 
find the sun's altitude and aaimuth, as by the last 
problem, and these wa 15. W Were rg ths 
altitude require. z Wwe sen PN es 
__ Thus if the time given Cs the first of an 
ber, at 10 Q clock at nigbt, the depression and 
on will be the same: as was found in the last 


; 3.3 ien 8 H 


F 
N F 1 1 , 3 a. af 
i Ii r 1 N 
. A : 
a 9 
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Rs ae 1 © The leads neee 
n e being gen, une ee 2 
5 e N op 1 5 Tenor gil a HIV . Jeck! 462 


| Fest the globe. Fg ihe d 55 1 ae 
anq the gun's place: then put; the e quadrant af al- . 
titude to the Sun's, Fru 10 the Lotion, op ; nd 7 
1 the globe till the. gun's s plac 5 0 the oF | 
| of the q quadrant J then. tl the ad ed nh wall pee x e 
altivadg,, and: the Pex point tc to th e hour. Hang wad, 
Thus, May 21st, at London, when t the Bun, is 
due east, his altitude will be about 24 de 


_ the hour about VIII in the morning ; : and when his 85 


N Wan 


- azimuth i is 60 1 cout-nexterly, the altitude 
vil 3 en e and: Ho ou 11 40 the 

Tbus . Wende 0 the bay 8 
and baving besides either the altitude, the azi- 
muth, or the Hoare, © the other two. T7, be A 


% ' found... | Lo 
by . a f Tf} J #* 1 12 dy 85 A 21 2 wt $33.43 ; 5 70 3 4 „ n 1 £4] . : . ; 
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wa Aarne s The Aa, fu the plans 
1 | and thejazimuth,of thei gun or of @ Sar being nes 
n. 10 nw of the day or night. up 3y at; ao 


2 f f "obey 1 1 ] kf T5 
4 


4 Kei the globe 1. the fatktude and” sun 's 
= mee, and bring the quadrant of altitude to the 
W azimuth f in the horizon; ; turn the globe till 
AM ec W sun or star comes to the quadrant, and the in- 
deen will shew the time. November 5, at Gibral- 
1 given the sun's aaimuth 50 degrees from the 
SGVWooth towards the east, the time ime you will find to 
= be balf past VIII in the morning. Given the azi- 
muh o 5 ega at London, 57 deg. from the north 
_ thwards the east, February © "the 8th, the time 619M 
Wil renty. minutes paßt II in the „ 


2 112 Nie . 
| | at bly hap at we ma ay see 
4 EE? n 3 z ly ppen tha 


£7 5 5 For ape would be glad t to know what star oY „ 


7 LY +4 2% 41 1 WP F) 


whether 1 ut 7 05 not be a new ptr, "or 46 comet | 3 
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"PrOpLEM xxix. Te lutitude if s the Pre the 1 
Sun's place, the hour of the night, and the altitude ind | 2 


azimuth of any” ar being gran; 10 ond the Star. =. WW 


Rectify the note for the lattude of the 1 5 
250 the sun's place; fix the quadrant of altitude 
in the zenith, and turn the globe till the hour in- 
dex points to the given hour, and set the quad- 
rant of altitude to the given azimuth ; then the 
star that cuts the quadrant in the given Alte, 
will be the BEERS ͤ ß 

Though | two stars, that. bave different Abt 
ascensions, will not come to the Meridian at the 
same time, yet it is possible that in a certain lati- 
tude they may come to the samè vertical cirele at 
| che same time; Aegan that consideration Ow 
- follc | [007 i M 90} ni: 
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F 8 8 ID "of © 
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e XXX. The Ee 267 the Fr the 
- gun $ 7 and two Stars, "that have the : Kg vo 
7 mul N Kane, given, to find th the hour of the 


1 WIE x 


Ei dal 

| Rectify che globe for the Ladtude 58 as 

3 a the cun's place; then turn ebe globe; and ales | 

the quadrant about, till both the stars coltjeide . ' Þ 
with its edge ; the hour index will shew the hour | 
of. the night, and. the place where, the quadrant 


outs the horizon, w will \ the { #1 nmo n aeimuth ** 
* stars. 
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PROBLEMS. 


|. 5 | 5 On the a of March, at "Tk is star = | 
AY 5 telgeule, | in the shoulder of Orion, and Rege 
E the heel of Orion, were observed to bave 4 same 
arimuth; on working the problem, you. vill find 
. the time to be 8 hours 47 minutes. „ 
MWbat bath been observed above, of two. stars 
5 hat have the same azimuth, will hold good like- 
wide gf two sters that have the mee ©.; from 
. ” ente Wes have, the following. 963 3.210109 $290 


: * * 95 g 
& & f 3 * 3. j 05 4 E * I 7:4» 3 r 
: 25 * F a 42 ; AE i . * * id 1 1 11. . 3 * £ 2 . SEAS 
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3 u s ee plc, and, two care, 7 


1 pa? is; I _ ? 2 e i 105 9710 1257 3 
E Rectify/1he globe for the latitude of the re 
| | the-zonith, and the sun's place; turn the globe, 


D ibst the game degree on the quadrant shall cut 
p both stars, then the hour ien wut labert hour | 
N of the nig: 


* „„ In the former propogitiqns, he latitude of the 


5 5 


suppe ed to be given, or known ; "but as 

. bee vecessary to find the latitude of the 

place, especially at sea, how this may be found, in : 
=. a rude Hm ue Kan, having the time given 
| - - by\agoodeles e ene benen the fl 2 
1 _ wang: Heir 1 00 F Wed Hb hee then 54 1 
_ mad off: Wo 1. dab i ort a b #H Ain 


SSL XII, "The del place, "he huur of 


* . and c= Stars, Hat have the Same e akimuth, 
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SOME 598, * 1 
PROBLEMS. | N 365 | 


or altitude, wigs given, to A2 the tide 5 the 
Plate," © 1 Babb : 


Ne cle 60 hams sun's ee toi m 
it ill; the index poirits to the given hour of the 
night ; keep the globe from turning, and move at - 
up and down in the notches, till the two given 
stars have the same azmuth,: or altitude; then 
the brass meridian will she the height of the pale, 
and N gon ene of * ns brei. 


4 * FA 7 fn k 
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1 ele 1 Aki Tb wars TG given 
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one on 4 _ on. 7 and fe offer © on the east « 
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meridian of the globe; then keeping the globe 
from turning round its axis, slide the meridian u up 
or down in the notches, till the other star is 
brought to the east or west part of the horizon, 
and that elevation of the ole will be 
"> the Place 5ought. 5 1 Th 


Ge | "Yom wht hath beak 1 b in it 
appears, that of thede five things, 1. the latitude 
of the place; 2. the sun's place in the ecliptic 4 
336 the hour of the night; 4. the common azimuth 


| of two known fixed stars; 5. the equal altitude 


ng - the star ede © on the mad to 0 


\ * 


36 rope. 


of two known fixed Stars any three of them be- 
ing given, the remaining two will easily be found. 
There are three sorts of risings and setüngs of 
the fixed stars; taken notice of by ancient authors, 
and oommòônly called dec risings and ere 
because mostly taken notice of by the poets. 
110 Wee ece vd achronical, and heliacal.* 
They are to be found in most authors that treat 
on the doctrine of the sphere, and are now chiefly 
used in comparing and understanding passages in 
the ancient writers; such are Hesiod, Virgil, Co- 
umiella, Ovid, Pliny, Kc. How: tl they are to be 
7 ound by calculation, may be een in Petavins's 8 


| ALAS and Dr. Gre, ge of s e 
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Durisiglen. Wien a ator. rises or i 5 924 
75 Dita 1110 iN 
1 ing, in wa. to rue or att bunch. NS. 5 
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; From whence. we ahall have the be following 1 2050 
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e AXxXIV. | 11. AE of in place — | 
: "Ap given, 10 ud, by the globe, the time x the year 


» +: IH Dy 
en, a given Star rises or Sets cooicall. F 


| Les the; Siren place th Rome, whose wh s 
N 42 deg. 8 min. north; and let che given star be 
| the Lucida N Rectify the globe for "FI 
11 8 of the place; bring che star to the age | 


ET EF £5 


ub? 3 EL came: h of Attdnomy.” 


LY 


of the eastern horizon, and mark the point of the 


ecliptic, rising along with. it ; that will be found to 
be Taurus, 18 degrees opposite to which, on the 


horizon, will be found May t the 8th. The Lucida 
© LO, therefore, rises cosmically May the 8th. 
If the globe continues rectified as before, and 
the Lucida Pleiadum be brought to the edge of 
the western horizon, the point of the ecliptic, 
which is the sun's place, then rising on the eastern 


side of the horizon, will be Scorpio, 29 deg. op- 


posite to which, on the horizon, will be found 
November the 21st. The Lucida Pleiadum, there- 
0 W sets cosmically November the SME e 


In the tzame manner, in the latitude of London, | 


Sickas will be found to rise cosmically August the 
loth, and to set cosmically November the 10th. 
It is of the cosmical setting of the Pleiades, that 
V ir gil! is to be understood in this line, 


Ante tibi D Atlantides abeconduntur; 


and not of their setting in the east, as some 8 


; ng wrt where ar rise, but never set. 
SEES: 15 ' 15 74 « 1 31 «6. 8 3 


1 . SE” 11 74 4 2 a 
P f * 2, 8 11 75 4 
4 . 


ee an : When a es 251 or 5 att at un- 5 
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; nau. it is said to rise or. at achronicaly. 4 


 Hencs, kowise, we e have the "followings? 
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i ing given, to And the time of the year. nen 4 { 
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Shar will A or Set chronically. 


eee ede 


is 87” degrees! north, and let the e alür be 
: — Arcturus; I» 20760-2177 "He aro, og? 

5 _ *Rectiſythe globe for the latitude of, the . 
aud bringiug Areturus to the eastern sid of the 
„  h6tizbn; mark the point of the ecliptic then set 
ung on dhe western side; that will be found Arics, 


42 deg. opposite to which; an the horizon; will be 
ſdund April che 2d. Therefore: Aroturus Tises at 


— Aihinwnohrowlealy April the 2dJ. 
At i of Ui ring of Aoturus that Hei 
F in h ra & N JN 9. clean adi t 10 


4? 


1 * 


Tk eir turns havt finisb'd, mark, with, glitt ting n 
7 90 7 From ocean s sacred flood, Arcturus rise, 4 
Then first to gild the berg. evening Kies. | 


. 75 
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00 place, as before, and Arcturus be brought to 
ttce cestern sicde of the boriz0n, the point of the 
Celiptie setting along with it will be Sagittary, 7 
| . degrees opposite to which, on the horizon, will be 


E  _. found November the 29th. At Athens, therefore, . 
3 | Arcturus Sets achronically November the DT 
. 7 Be a . 1 * 4 >. tr) 1 | 
1 * Lib, al e, . , 


| | bs 4 51 ; 21 e : 
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. 5 © „ ic the globe continues ; rectified to .the uid. of 
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"bright star in the Bull s born. 
' Rectify the globe for the Iebituds of the pee | 


\ 


Ude the same manner Aldetariai/'s or che Bull's 
"tag will be found to rise achronically May the 
22d, and to set eee nn "ae! 19th, 


3 7 
* 6 Ne 4 
* WS 4 Dan ; x 21121 | ; WEE 21 x 
" - * 


Off TH 


| Darizivion, s «EY a Star r becomes — * ina. 
| morning, after it hath been #4 near the gun as to be 


hid by the. mee, Co his rays, UL is ait to, rio 
ellacalh. ; | 
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But for this Ae e some eee 
| ibaa of the sun below the horizon, more or 


less according to the magnitude of the star. K : 


star of the first magnitude is commonly supposed 
to require that the sun be depressed 40 ee 


perpendicularly below! the horizon 


This being Pn ve have the following . 


nne 0+ 3309807” 0911144] mon mack ley 


$a je is mat 1 The bebe place bh: i 
ing given, 40 eee eee. r 5 


star will rie beliaoaliy..; „ 
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Let the given place be Rome, whose bas is 
egtees north; and let the 2850 star be che 


screw on the brass quadratit of altitude in its Ze- 
nith, and turn it to the western side of the 


4-4 i” 


Bring che star to the eastern side of the horizon - RY 


and mark what eee we a pr oY Kg 
_ deg. marked On ha 8 


will be ſound to be Clean, s deg the point 


vnontons. TT 30h | 
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opposite to whieb is Cancer, 3 deg. and opposite 
B dico this will be found on the horizon, June 25th. 
=. The bright star, therefore, in the Bull's horn, in 
Jn the latitude of Rome, rises heliacally June 25. 
; These kinds of risings and settings are not only 
. mentioned by the poets, but hikewise by the a ancient 
I ; pb sicians and bistorians. Ry ey 5 
| "Thos Hippocrates, | in his book De Ke, "rays, | 
« One ought to observe the heliacal risings and 
settings of the stars, especially tbe Deg-star, and 
Areturus; ee thoopnonical setting of ahe 
LE Waal! 904" 10 * 595 * 25 Ft- 2 ty 455 Ai Þ 5355 15 2850 
darin the Good e war, Says, t was 06 80 
* much owing to fortune, as to the obstinacy of the 
=. . consuls, in not hearkening to their pilots, who dis- 
EF . _" guaded them from putting to sea at that season of 
gte yeat, "Whjch-was'between the rising of Orion 
© + andthe Doparur; eee e ne | 
4 . to storms. ett ders Lago nf; 
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Lethe ginen ef ae in Ntitnds 42 
deg· norch, and let the given star be the bright 
Star in the: Bull's horn. Rectify the globe for the 
latitude of the place, and bring the star to the edge 
of the western horizon turn the quadrant f altic 
tude, till 12 deg. cut the eoliptie on the eastern 
side of the meridian. This will be found to be 7 | 
deg. of Sagittary, the point opposite to which, in 
the ecliptic, is 7. deg. of Gemini and opposite to 
that, on the horizon, is May the asth, the time of 
the year when that agen Hege in the latitude 1588 
e W ce oighy lere wt Nr WT Oe 
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892 _ CORRESPONDENCE OF THE ; 


while the other remains fixed; and suppose the 
first point of Aries, on the investiug: globe, to be 


placed on the first point of Aries on the.terrestrial 
globe (Which point is in the meridian of London), 5 


| then every star in the celestial sphere will be di- 


rectlytover those places to which it is es rrespon- . 
flent. Each star will then have the degree of - 

right ascension directly upon” the! correspon 
degree of terrestrial longitude ; their! 1 


vill also be the same with the latitude of the places 


to which they answer j of in other Words, when 
| | theideclination-0f a'stariis equal tte lakitudde of 
a place; such star; within; the space of 4 boürs, 
will pass vertically over that place, and all others 
dbat bave the ame latitude! - tet xt 0 lach 55 

If we:conceive/ the celestial investing lobe tc 


4 ahi fixed, and the terrestrial globe to be gradually 


turned from west to east, it is clear, end as the 

idian of London passes from one degree 5 
e eee ee sphere, every star in tbe 
celestial sphere becomes correspondent to another | 


place upon the earth, and 80 6h; until the earth 


bas completed one dornal revolution; dor till all 


| the! stars, by their apparent daily motion; Have 


Ly, benen meridian ———.— 


uniting” no ene N & harmony, 


ive reader”; and future 


presents itself to the a tetitiy 
ages will find it difficult to investigate the reasons 
nk should induce t the present race of astronomers 


-  EELESTIAL AND TERRESTRIAL SPHERES. 373 


to neglect a subject so highly interesting to 


science, even in a practical view, but which in 


| theory-would lead them into more sublime specu- 


lations, than any that ever One eee —_— 


SE N h 1 7 1 * 7} CT > ! # > q "FT EL * 
. S8 0 Wee mie 1 TD 3 1 . + # + * is 
| \ id 2 nn : 8 #4 1 if x / £ 2. 
STS ren 213} 3150 34157 "TOO e ̃ Ä: HATS 

: > 


hs > rn 'STAR MARKED: 7 ty ths HEAD oy THE 


oni DRACH, o ITY PARAL- : 


1612 r n . 
LEL OF LONDON. „„ 


£ » . * 
4 » 8 , 1 * 8 

'#: . 1 ä * 1 * — 4 8 © „ { : 

2 * 2 * f 73 7 £77 4h 3 Fe 13. £ A+ 10 k } 


The ster 5, in the hand 1 tha, constellation 
d, having 51 deg. 32 n. north declination, 


equal to the latitude of London, is ibe eorrespon- 
dent star thereto. To find the places which it 


passes over, bring London to the graduated side 


3 the brass mexidian, and you will find' that the 


Presentati 


> the road to Brixtol, erosses the. Severn, the: Bristol 
channel, the counties of Cork and Kerry. i in Ire - 
land, the north part of the Atlantie ocean, tſge 


en nn at the mexiding of Loudon.” 


degree of the meridian over London, and the re- 
ive of the star, passes over ſrom London, 


streights of Belleisle, New Britain, the north part 85 
of the e province of Canada, New South Wales, the 
southern part of Kamschatka, thence over differ- 5 


ent Tartarian nations, several provinces of Russia, 1 


over Poland, part of Germany, the southern part bf 
the United Provinces, when, erossing _ sea, it 5 


; "YE We BO IG 
* e oy . 5 7 9 ON 
/ 7 | 2 7 8 
- 
* t 
% 
4 1 
— , 
. | * 
9 


ar | ROBLES, „ 
> WE $= - "I a 3 j y 
8 ; * 


of When the said tar, or any her star, is on the 2 


A Ne meridian of London, or any other meridian, all 
| other stars, according to their deelination and 
1 ascension, and difference of right ascension 


(which, answers to terrestrial latitude, longitude, 


and difference of longitude), will at the same time 
de on such meridians, and vertical to such places 


1 a cotrespond i in latitude, longitude, and differ- 


eenee of longitude, with the declination, dre. of 
SE - - the respective stars. - 0 9 88 15 
5 From the stars, therefore, thus mercy, we 

| attain'a'cqpious' field of geographica| knowledge, 

- and may gain. a clear idea of the proportioniable | 
distances, and real bearings, of remote empires, 
=o ; kingdoms, and provinces, from our oh penith, 
at the sams instant of time: Which may be found 
in the same manner as we found the” s to 
. which the sun ves vertical at'any f 
; V instances of this mode of nere e. 


we 
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5 another, they have * 
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u to the planets no certain en can e as- 
signed, their situation always varying. 


That space in the heavens, within the W 
ol which the planets appear, is called the zodiac. 
The latitude of the planets scarce ever exceed- 
ing 8 degrees, the zodiac is said to reach about 8 | 


degrees on each side the ecliptic. 
Upon the celestial globe, on each side of the 
| eker! are drawn eight parallel circles, at the 


distance of one degree from each other, including 


a space of 16 degrees; these are crossed at right 


angles, with segments of great circles at every Sth 
degree of the ecliptio; by these, the place of a 
planet on the globe, on any n 1880 mg * 
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Planet upon ' the globe, and by that means to find its 


Place in the heavens; also, to find at what hour any | 
Planet will rise or cet, or be on cg en ” any 


* in the gear. 5 


| Rectify the globe t tothe lance 8 sun 's 's place, | 
then find the planet's longitude and latitude in an 

ephemeris, and set the graduated edge of the 
moveable meridian to the given longitude in the 
© ecliptic, and eoùnting so many degrees amongst 
the parallels in the zodiac, either above or below 
che ecliptic, as her latitude is north or south; áẽj 
set the center of the artificial sun to that point, 
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and the nber will represent we kao the . 
net for that time . Ge 

Or fix the 8 ade. over he mals of 
hey ecliptic, and holding the globe fast, bring the 
edge of the quadrant to cut the given degree of 
longitude on the ecliptic z. then seek the given la- 
- .titude on the quadrant, and Who: "uy rs it is 5 
0 point sought. 2 960; 

Wbile the globe moves e its axis, We . 
moving along with it will represent the planet's 
motion in the heavens. If the en be brought 
to the eastern side of the horizon, the horary in- 

dex will sbew the time of its * If the artiſi- 
cial sun is above the horizon, the planet will not 
be visible: when the planet is under the strong 
"brazen meridian, the hour index shews the time it 
will be on that circle in the heavens: when it is at ; 


the western edge, the th time of its oetting will be 
obtained, | 
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* reer xXXxIX. Tv To find directly the Pane 
[ 5 vbhieh are above the 5 at g Ac 99 = 
ue ag and E 


Find the Mn pines for che We "OY 
oaks ieridjan, set the hour index to XII, and 
elevate the pole for the given latitude: then bring 

. ithe place of the sun to the western semicirele of 

the Sep _ what signs are in that 
ve the horizon, then cast 


* 


N 


—— | 


your eye upon the ephemeris for that month, and 
you will at once see what planets possess any of 
those elevated signs; for such will be visible, and 
+ for observation on a che e abe ann 
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PrOBLEM XL. To find 7 8 ascension, A. 
clination, amplitude, azimuth, altitude, hour of the 
night, Sc. of any ? avs Planet, for a wed 54 a month 

| ing latitude 3 ” | 85 e ee e 
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e fin globe for the pd Ps day. 
: of the month; then find the planet's place, as be- 
fore directed, and then the right „ 
nation, amplitude, azimuth, altitude, hour, Rc. 
are all found, as directed in the problems ſor the 


sun; there being no es iche en 20 1 
rene ker be necessarx. bY 
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From W sun and plants, we. no e e 2 

those problems that concern the moon, the bril- 
liant satellite of our earth, which, every month en- 
riches it with its presence; by the mildness of its 

bight soſtening the darkness of night, 4 by | its in- 

fluence affecting the tide; and by the vari 

its aspects, offering to Wi: View: som 


Soon as the e CT; wn 1 
FThe moon takes yp'the wang rous. tale; 
And nightly to the list ning earth, _ 
Aal the dem of her birth? © Taye = 28555 
And eee in their tun, f ö 
1 Confirm the tidings as they roll, 1 
e ed apread the truth f gw: pale er, po 
13 the orbit of the: moon is . varying 
in its position, and the place of the node always 


changing, as ber motion is even variable in every 
e of her orbit; the solutions ol the problems 
8 ber rage the eclip- 
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- which” means she "the meridian" of any 
"NO: about 50 minutes later than she did the | 


Md, if en re noon her, place, (langi-- 
_ tude) be in the 12th deg. of Taurus, it will be 13 
deg. 10 regal or 45 ay 10 min. in Taurus | 
on the su edi 2 7525 708 8 eg 4 8 


i It is new moon N b e aun and moon obere , 
" the sume eee age in 
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Ji is full moon. 


youu of t 


To e 


. Lt must recur to pan ephemeris; birt, , 4s even in 
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day about 13 degrees, 10 minutes, by - 
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most ephemerides the moon's place is only shewn 43 
at the begiuning of each day, or XII o'clock at ; 
noon, it becomes necessary to supply by a table _ 
this deficiency, and ne _— her Lanes: wy 

any intermediate time. 
In the nautical r publickol! avid 0 
authority of the Board of Longitude, we have the 
moon's place for noon and midnight, with rules 
for accurately obtaining any intermediate time; 
; but as this ephemeris may not always be at band, 3 
we sball insert, from Mr. Martin's treatise on the 
globes, a table for finding the hourly motion 
| the moon. In order, however, to use this table, 
it will be necessary, first to find the quantity of 
the moon's diurnal motion in the ecliptic for: an 
given day; for the quantity of the moon's diurnal &—& 
motion varies from about 11 deg. 46 min. the 5 
least, to 15 deg. 16 min. when greatest. 
Ihe following tables are calculated from the | | 
least of 11 deg. 46 min. to the greatest of 15 deg. 

16 min. every column increasing 10 minutes; 
| "upon. the top of the column is the quantity of the | | 
_ diurnal motion, and on the side of the table are 
the 24 hours; by which means it will be easy to 

Ep ung what part of the diurnal motion of che one 5 
answers to any given number of hours. 4 0098 
Thus, suppose the diurnal motion to be 12* 

32, look on the top column for the number 
53 nen to Se which * vill find to be 1 125 36, in 
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The moon's path may be represented o 
dle in a very pleasing manner, by tying a silken 


Urne over the surface of the globe exactly on the 


ecliptie; then, finding by an ephemeris the place 

of the nodes ſor the given time, confine the silk 

at these two points, and at 90 degrees dista 

> from: them elevate the line about 53 dag. from .the 

ecliptic, and depress it as much on the other, and 
itz will then en the lunar orbit for MAE, 


Seite tert boo. a o im 8s Y5H £ i GOA 
N Pubs iu XL. iTy find the bo Place 5 - 
. ecliptic for ariy rung hour x gs of a 


£38 6 „ 
First without an ephemeris,, only Lewis _ 
1 age of the moon, which may be obtained from 5 
every common almanack. _ | 
Elevate the north pole of the celestial globe! to 
90 degrees, and then the equator will be in tbe 
plane of, and coincide with the broad paper circle; 


2 the first point: wil Ae marked. N on the | 


4 Ln 7 $096 ee a bo: the avg 8 

place for that day: and the day of the moon's-age 

will stand against the sign and degree of the 
moon's mean place; to which Pe, apy a _ 5 


patch to represent the moon. 


But, if you are provided with an peas ke? 
7 that will give the moon's latitude a and W in the 
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| . eliptie; first note her place in the erlptie Upon | 
La the globe, and then counting . 80 many degrees 
* amongst che parallels in the zodiac; either above 

br below the eeliptic, as her latitude is north or 


= outh-upon''the given day, and Gate n ts" the 5 
peint which represents the true place of the moon 
for that time, to which apply the n sun or 
-. small tch! elk e | 
Thus, on the Hh of May,” 1787, N was LP 
noon in 2 deg. 35 min. of Pisces, and her latitude 

was. 4 deg.. 18 min.; but, as her diurnal motion 

ſor that day is 12 48 in nine hours, she will have 

5 : passed over 4 deg. 47 min. which added to her 

place at noon, gives 7 b. 22 min. for hoy: —_— on 
JE" 11th'of n at nine at 1 1 ah eee 
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_— e XLII. TE find the n moon's alien. 
3 fo any rows day or hour. | 


The bas in der orbit Fünen Wund 0 Prob. wy 
= dig to the brazen meridian; then the arch of 
E” .-.. _ the meridian contained between it and wr al 
iy 15 noetl way be aps LOEB mg FO, 
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LES XIII. To v fot 5 moon s . 


. least meridian altitudes in am given, latitude, f 
=, i. that of London for example. . 5 5 

* | It f 1s evident, this can dowels TR 3 tho . 
ascending node of the moon is in the vernal equi- 
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1 For then a greatest meridian altitude Ree" 
be 5 deg. greater than that of the sun, and there- 
fore about 67 deg.; also her least meridian alti- 
tude will be 5 deg. less than that of the sun, and 
therefore only 10 deg.: there will therefore be 57 
deg. difference in the meridian altitude of the 
moon; whereas that of the sun is about 47 deg. 


N. B. When the same ascending node is in the 


| autumnal equinox, then will her meridian altitude 
differ by only 37 deg.; but this phenomenon can 


separately happen but once in the revolution of a 


node, or once in the space of 19 years: and it will 
be a pleasant entertainment to place the isilken - 
line to cross the ecliptic in the equinoctial points 
alternately; for then the reason will more evi- 
dently appear, why. you observe the moon some 
times within 23 deg. of our zenith, and at other 
times not more than 10 ent above the horizon, 
ben she is full south. 
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braun 45 the harvest moon. 1 5 


About the time Uf the eee equinox; 1 
the moon is at or near the full, she is observed to 


rise almost at the same time for several nights to- 


getherz and this eee is. called rms 
Moes. e Top 


BOY 5 3 
3 * |. 1 a 


\'This tene . 8 Men were 


tive: acquainted, than astronomers, till within 
B b | 
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3666 | provtons. 
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these few years, they gratefully ascribed to the 


goodness of God, not doubting that he had or- 
dered it on purpose to goo them an immediate 


supply of moon. light after sun- set, for their er 


convenience in reaping the fruits of the earth. 
Int this instance of the harvest moon, as * 


many others discoverable by astronomy, the wis- 


dom and beneficence of the Deity is conspicuous, 


who really so ordered the course of the moon, as 


to bestow more or less light on all parts of the 


earth, as their several circutiivtances and nene 


render it more or less serviceable.? 
About the equator, where diets is no ns 


of seasons, moon-light 1 is not necessary for gather- 
| ing in the produce of the ground; and there the 
moon rises about 50 minutes later every day or 


night than on the former. At considerable dis- : 


tances from the equator, where the weather and 


seasons are more uncertain, the autumnal full 


moons rise at sun-set from the first to the third 


quarter. At the poles, where the sun is for half 


the year absent, the winter full moons shine con- : 


quarter. 5 21A, 27 


tantly ee wie, e. the first to mo _ 


But this ativan is still 6 


when we consider that this appearance is only pe- 
culiar with respect to the full moon, from which 
only the farmer can derive any advantage; for, in 
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every other month, as well as the 8 autumnal 
ones, the moon, for several days together, will 
vary the time of its rising very little; but then in 
the autumnal months this happens about the time 
when the moon is at the full; in the vernal 
months, about the time of new moon; in the win 
ter months, about the time of the first quarter; 
and in the summer months, about the time of the 
last quarter. 
These phenomena aligend upon the different 
angles made by the horizon, and different parts of 
the moon's orbit, and that the moon can be full 
but once of, twice in a year, in those parts of her 
orbit which rise with the least angles. 
The moon's motion is 80 nearly in the ecliptic, 
| that we may consider ber at present as moving 
ian , 0 
The e parts ol. the 0 on account 
of its obliquity to the earth's axis, make very dif- 
ferent angles with the horizon as they rise or set. 
Those parts, or signs, which rise with the smallest 
angles, set with the greatest, and vice versa. In 
equal times, whenever this angle is least, a greater 
| en af the n rises than wben the agg: | 
This Hig be seen by * the viohs to any 
considerable latitude, e then e it nd 
its axis in the horizon. | 
When the moon, deere, is in ths; aigns 
which rise or set with the smallest angles, she will 
B b 2 3 5 


„ 


oisely to VI; at whic 
the moon to be in the autumnal equinox, and 
| consequently | at full mal ene ne at thowime 
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rise or bet with the least difference of time; and 
3 with the greatest difference in those signs waht 


rise or set with the greatest angles. ; 

Thus in the latitude of London, at the time” of | 
ihs vernal equinox, when the sun is setting in the 
western part of the horizon, the ecliptic then 


makes an angle of 62 deg. with the horizon; but 

when the sun is in the autumnal equinox, and 
setting in the same western part of the horizon, 
the eoliptic makes an angle but of 15 deg. with 
the horizon; all which en by:a a ws ee 


ton of the globe only. LIFE 
Again, according to the 8 or 1 As 
tion of the ecliptic to the horizon, so a greater or 


less degree of motion of the globe about its axis 


will be necessary to cause the same arch of the 


_ ecliptic to pass through the horizon; and conse- 
quently the time of its passage will be greater or 


less in the same pee 5 this will ward 1 


5 illustrated by an example. I 


Therefore, suppose the sun in the Try equi- 


nox; reetify the globe for the latitude of London 
and the place of the sun; then bring the vernal 
equinox, or sun's place, to the western edge of 


the horizon, and the hour index will point pre- 
time we will also suppose 


4 V- 


ol sun set. FC n 915 


; be 
. Fe 5 * Pk + * ; 
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But « on \ the flowing day, the sun, being ad- 
vanced scarcely one degree in the ecliptic, will 
set again very nearly at the same time as before; 


but the moon will, at a mean rate, in the space of 


one day pass over 13 deg. in her orbit; and there 
fore, when the sun sets in the evening after the 
cequinox, the moon will be below the horizon, and 
the globe must be turned about till 13 deg. of 
Libra come up to the edge of the horizon, and 


then the index will point to 7 h. 16 min. the time 


of t the moon's rising, which is an hour and quarter 
_ after sun-set for dark hight. The next day ſol- 


lowing there will be two hours and an half; and 


80 on successively, with an increase of one hour 
and a quarter dark night each evening respec- 


tively, at this season of the year; all owing to the 


very great angle which the ecliptic makes with 

the horizon at the time of the moon's rising. 
On the other hand, suppose the sun in the au- 

| tumnal equinox, or: beginning of Libra, and the 


moon opposite to it in the vernal equinox, then 


the globe, rectified as before, being turned about 


till the sun's place comes to the western edge of 


the horizon, the index will point to VI, for the 
time of the setting and the rising of the full moon 


on that equinoctial day, On the following day, | 
the sun will set nearly at the same time; but the 


moon being advanced (in the 24 hours) 13 deg. 


in the ecliptic, the globe · must be turned about 


f all that 36h. of the ecliptic shall ascend the hori- 


— 


moving ret! 


moon's age at the game Place. 13 5 
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\ 


Y 20n; Welch 6 motion of the globe will be very Little, 


as the ecliptic now makes so small an angle with 


the horizon, as is evident by the index, which 


now points to VIB. 17 min. for the time of the - 
moon's rising on the second day, which is about 

a quarter of an hour after sun-set. The third day, 
the moon will rise within half an hour; on the 


fourth, within three quarters of an hour, and so 


on; so that it will be near a weak before the 


nights will be an hour without illumination: and 


in greater latitudes this difference will be still 


greater, as you will easily find by varying the 
case, in the mg of this ed eee ood 
the globe. N 


This Fetetttene varies in ankrent years; the 


moon's orbit being inclined to the ecliptic about 


five degrees, and the line of the nodes continually 

rrade, the inclination of her orbit to 
the equator will be greater at some seasons than it 
is at others, which prevents her hastening to the 


northward or descending southward, in each re- 
yorution, rag an an pt Tn an Sn 8 | 


4 "_—_— > 
5 7 1 i 18 
1 


Sat XLV.. | Ty "as. what. —— 4K 


| ; moon Is upon at any Place when. it is Food, or hagh 


water; and thence the high. tide tor any far of * . 


Having observed the hour 400 alte of 1 e 
water, about che time of new or full moon, rectify | 


, * 
* Mt , — 
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i i : Fd 3 5 


PROBLEMS. 85 391 


the ck to the latitude and sun's lacs find the 
moon's place and latitude in the ephemeris, to 
| which. set the artificial moon,“ and screw the 
quadrant of altitude in the zenith; turn the globe 
till the horary index points to the time of flodd, 
and lay the quadrant over the center of the artifſi- 
_ cial moon, and it will cut the horizon in the point 

of the compass upon which the moon was, and 

the degrees on the horizon contained between the 
strong brass meridian and the quadrant, ieh be 
the . 8 Agimand.f n the NOUS. 


33 d 2 


"To ro full 1 knee we Heb water at the SOME place 


1 

KRectify the globe to the latitude. are pines Ty 

| find the moon's place by an ephemeris, for. tbe 
given day af, ber age, or day of the month, and 
set the artificial moon to that place in the zodiac; 

put the quadrant of altitude to the azimuth before 
found, and turn the globe till the artificial moon 
is under its graduated edge, and the horary index 
will point to the time of the ae on which it * 
eee e e th ids 


£ : 8 * : AY * 
3 * 7 7 
V Or patch representing the moon. 
2 ; 3 33 : N 5 8 
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PLACES AND VISIBLE MOTIONS 'OR ORBITS 
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"There is e 4 or pete of kante . 
which are called comets. These move round the 
sun in regular and stated periods of times, in the 
same manner, and from the same cause, as the rest 


of the planets do; that is, by a centripetal force, 
every where decreasing as the squares of the dis- 
tances increase, Which is the general law of the 
whole planetary system. But this centripetal force 
in the comets being compounded with the proqec-- 


tile ſorce, in a very different ratio from that which 


is ſound in the planets, causes their orbits to be | 
much more elliptical an thoss of mo amen, 


which are almost. cireular. % 25 $048 U hg: 
But, whatever may be be dem * a wodenerh,. 
orbit i in reality, their geocentric motions, or the 


apparent paths which they deseribe in the heavens 
among the fixed stars, will always be circular, 


and therefore may be shewn upon the surface of a 


celestial globe, as well as the motions 5 and Row 
of any of the rest of the planets, 


"To giye an instance of the 8 praxis on 


. the globe, we shall choose FORE” cane for che Sub. 


*. 


* ar 8 i and Use of the Globes, 
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ject of these problems, which made its appearance 
at Boston i in New England, in the months of Oc- 
tober and November 1758, in its return to the 5 
sun; after which it approached so near. the sun, 
as to set heliacally, or to be lost in its beams, for 
some time spent in passing the perihelion. Then 
afterwards emerging from the solar rays, it * 
peared retrograde in its course from the sun to- 
wards, the latter end of March, and 80 ee 
the whole tnonth of April and part of May, in the 
West Indies, particularly i in Jamaica, whose 1a: 
tude rendered it visible in those parts, when, it 
was for the greatest part of the; time invisible to 
us, by reason of its 50uthern course 2 the 
heavens, 5 | 
When two > obgeryations can be rs of a c- 


„ 


Tbese, with eile to oak above-mentioned co- 
met, we have, and they are sufficient for our pur- * 
pose e 10 the aten of e ny 
blems g 3010) if ads. Hs 
By an e 3 at Raga on o.ths 316 0 
of March, 1759, at five o'clock in the morning. 
the comet 's altitude was found to be 22 deg. 50 
e eee 71 deg. 80 south-east. From 
hence we shall, find its place on the; cats of the 
globe by the following. ple. Jorge Hema vo. 


 _ - yoo.  - 


"ProBLEM XILVI. Th recti 
Ante of the place of observation in Jamaica, lati- 
' tude 17 deg. 30 min. r 90 1 * n 
vii. March 311. WE a = 


_ » the horizon; then fix the quadrant of altitude to 
__ the same degree in the meridian, or zenith point. 
Again, the sun's place for the 318t of Mareb is in 
10 deg. 34 min. V, which bring to the meridian, 
and set the hour index at XII, and the globe is 
N e ene ae ene e, d . ee 


* 
: "37 2 * E by 841 e 
5 . m_ ” 


| ProBLEM : XLVII. To determine ht place of 7 


1 comet on the surface of the celestial globe from its 


95 Siuen aliitude, azimuth, hour of the day, and lotitude 
| of the place. 9 4 N 5 


; 1 © 
. N $8 Ka 12 N 1 * : 
AF TER WA : + Py = 4 Yo 5 


The lebe being 805 is e . 

5 and day of the month, turn it about towards the 

esst, till the hour index points to the given time, 

vir. V Oelock in the morning; then bring the 

5 quadrant of altitude to intersect the horizon in 45 
_ "deg. the given azimuth in the south - east quart 


ten, under 22 deg. 50 min. the given. altitude, 


3 find the comet's 3 Wee eee 
. a small e to represent it. a 


, (fray Abend FR to 17 en 30 min. 8 


the . i the 


— 
— 


e. 
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| PROBLEM XxLVIII. To find the latitude, inet 
rude, declination, and right ascension of the th: 


In the W WEI of latitude Vontanen i in the 20- 


diac, you will find the latitude of the comet tobe 
about 30 deg. 30 min. from thy ecliptic; the same 


circle of latitude reduces its place to the ecliptic 


in 26 deg. 30 min. of zz, which is its longitude 5 
sought. Then bring the cometary patch to the 


brazen meridian, and its declination will be shewn 


to be 9 deg. 15 min. south. Wannen 


its right ascension will be 227 *. 30 m— 


Ex 
of? Tc Þ * 14 


— XLIX. To ao chan NIE Rr” 3 . 
 mef's rising, $6uthing,' getting, and er des ar hs | 


day of the observation at Jamaica. 


Bring the place of the comet into the eastern 


semicircle of the horizon, (the globe being recti- 
fied as directed) the index will point to III hears 

Is min. Which is the time of its rising in the 
morning at Jamaica, the amplitude 10 deg. very 


nearly to the south. The patch being brought. to 
the meridian, the index points to IX o'clock i 10 
min. for the time of culminating, or being south 
to tbem. Lastly, bring the patch to touch the 


western meridian, and the index, will point to In | 


in the afternoon, for the time of the comet's set- 


ting, with | 10 AF of southern , of 


| course. 


i. 2 => & \ "© z I Ws de Kd n s * . x I £ . 
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| ADgogins 1. From the cond tee being given, 
to find the time of its rising in the As BOY: 
on the 315t ty, of March, 1759. 


For this purpose, you need only weh the 
| globe for the given latitude of London, and bring 
che cometary patch to the eastern horizon, and the 
index points to III hours 45 min. for the time of 
its rising at London, with about 14 deg. of sbuth 
amplitude; then turn the patch to the western ho- 
rigen, and the index points to II bous 255 mi- 
nutes, the time of its setting. e 

N. B. From hence it appears, the comet rose 
soon enough that morning to have been observed 
at London, had the heavens been clear, and the 
astronomers Hook bee ed, 1 9 85 of 'vach : a 
. | 


- ry * 
4 24 © *s > n 89 * 
$4.2 & | .”” 4 
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85 _—_ Lr. 0 10 Aue Frey . of # 1. 
same comet, from an observation made at Cowles * on 
| the 6h day of May, a ln nee 


. bs On the 6th day of May, 1759, at ten at dt, 
the place « of the comet was observed, and its dis- ; 
- tance, measu with a micrometer, from two fixed : 
5 stars marked 4 and » in the constellation called ON 
. Hhgra, and its altitude was found to be 16 deg. 
a and its azimuth 37 deg.south-west ; from whence 
| its _ on the 1 of d the. Bobo is exactly de. ; 
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e as in Problem xlyii. 0 having stuck 

\ a patch thereon, you will have the two places of 
the comet on the surface of the globe, for the two 
distant days and places of observation, as required. N 


PROBLEM LII. From two given places of a co- 
met, to assign its N path among the IN stars 


in the heavens, 
\ 


= Te two places of the comet being determined 
buy the observations on the 3 ist of March, 1758, 15 
and the Gth of May following, and denoted b 
two patches respectively, you must move the globe 
up and down, in the notches of the horizon, till 
such time as yen bring both the patches to coin- 
cide with the horizon; then will the arch of the 
horizon between the two patches shew, upon thbke 
celestial globe, the apparent place of the comet in 
the interval between the two observations, and bß 
drawing a line with a black lead pencil along by 
the frame of the horizon, its path on the surface 
of the globe will be delineated, as required. And 
bere it may be observed, that its apparent path 
lies through the following southern constellations, 
wiz. the tail of Capricorn; the tail of Piscis Aus- 
1 tralis, by the head of Ipdus, the neck and body 
of Pavo, through the neck of Apus, below Tri- 
angulum Australe, above Musca, by the lower- 
| most of the Crosiers, across the hind legs and 
kbrough the tail of Centaurus, from thenee be- 


_ 
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tween this * stars in * back of the Hydra "a 
fore-mentioned; after this, it passed on to Sextans 
Urania, and then to the ecliptic near Cor Leonis, 

: soon after which it totally disappeared. | | 


— 


Pro BLEM- I. 111. To estimate the apparent velo- 
city of 4 comet, 10 \Places thereof oy given by 


observa tion. | 


Let one place be cochtaibod; near the beginning 
of its appearance, and the other towards the end 
thereof: then bring these two places to the hori- 
zon, and count the number of degrees intersected 
between them, which being the space apparently 

described in a given time, will be the velocity re- 
quired. Thus, in the case of the above-mentioned 
comet, you will find that it described more than 
150 deg. i in the space of 36, OO which oh more 

n ſour are La mt | 


T2 LG n. v. Tv reprecen the general pheno- 
n of the comet for 155 ben latitude. | 


big hls path of the comet to outs 
| wich the horizon, by which it was drawn, and 
then observe what degree of the meridian is in 
the north point of the horizon, which, in the case 
ol the foregoing comet, will be the 23 deg. | This 
will shew the greatest latitude in which the whole 
path can be visible in any latitude less than this, 
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as that of Jamaica; where, for instance, the most 
southern part of the path will be elevated more 
Than five deg. above the horizon, and the comet 
visible through the whole time of its apparition. 
But rectiſying the globe for the latitude of Lon- 
don, the path of the said comet will be for the 
most part invisible, or below the horizon; and 
therefore it could not have been seen in our lati- 
tude, but at times very near the beginning and 
end of its appearance; because, by bringing the : 
comet's path on one part to the south point of the 
horizon, it will immediately appear in what part 
the comet ceases to be visible; and then bringing 
the other part of the path to the point, it will . 
pear in what part it will again become visible. 
After this manner may the problems relating to 
any other comets be performed; and thus the 
paths of the several comets, which have hitherto 
been observed, may be severally delineated on the 
celestial globe, and their various phenomena in 
different latitudes be thereby shewn. _ 


ox THE MOST IMPROVED || 
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PLANETARIUM, LUNARIUM, AND TRLLURIAN, 


& 


Io proceed, in pursuance of my original plan, 
to describe one of the instruments - contrived to 
facilitate the study of geography and astronomy. 
It will realize to the eye of the pupil many pheno- 
mena, and impress them strongly on his memory. 
The instrument here described may be considered 
as one of the best hitherto contrived for explaining 
the celestial motions. The description of this 
will, with very few alterations, apply to most other 
instruments designed for the same purpose. The 
explanation of the instrument will also enable me 
to render some articles plainer, and to treat others 
more fully; while those who have not thoroughly 
comprehended what has been already said, may 
gain more perfect ideas of the subject. . 
It seems highly probable, that the ancients were 
not W ee with planetary machines, und 
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that the same powers of genius which led them to 


contemplate and reason upon the motion of the 


heavenly bodies, induced them to realize theit 


ideas, and form instruments for explaining them; 


and we may fairly presume, that these were carried 
to no small degree of perfection, when we consi- 
der that of one, Archimedes was the maker, and 
Cicero the encomiast. . i wigs 
The instrument now to be deacribed was in- 
vented by the celebrated Huygens, though since 
his time, it has been ascribed to almost as many 
inventors as makers; each deviation in form, the 
mounting it in this mode or the other, the addi- 
tion of a zodiac, or some such slight changes, 
have been deemed by many of sufficient import- 
ance to give them a claim to the title of inventors: 


be it 80. Let the friend of science encourage 


every humble effort to improve it; and let him 


bestow a name which, though it may in some 
measure gratify vanity, yet incites to labour, 5 


rather than by contempt, check the ardour, or dis- 
courage the talents which, when called forth, may 
be of the en, Service to societ . 


7 „ th 
11 i ; a ? 1 


y DESCRIPTION. OF THE PLANETARIUM,” 


1217 


Plate 11, fe. bs e the planetarium. 


The box contains the wheel-work by which the 
planets: are made to move round a brass ball, re. 


Ce: 


* 
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presenting the sun: this motion is communicated 
to them by turning a handle. PET 

A planetarium may be considered, in some sort, 
as a diametrical section of our universe, in which 
the upper and lower hemispheres are suppressed. 

The upper plate is to answer for the ecliptic ; 
on this therefore are placed, in two opposite cir- 
cles, corresponding to each other, the signs of the 
ecliptic, and the days of the month, by means 
whereof” the planets may be easily set to their 
mean places i in the ecliptic for any day in the year. 
Through the center of the plate there passes 2 
strong stem, on which the brass ball O is placed, 
which represents the sun; round the stem are the 
different sockets, which carry the arms, by which 
the balls representing the planets are supported. 
The planets are ivory balls, having the hemisphere 
which is next the sun white, the other black, to 
exhibit their respective phases to each other. The 
planets may be easily put on or taken off their 
sockets, as occasion requires. About the primary 
planets are placed the secondary planets, or moons, 
which are in this instrument - only moveable by 
hand ; but when the instrument is fitted upon a 
large scale, and in a more expensive form, , even 
these are put in motion by the wheel-work. 

- The planets are disposed in the following order : 

in the center is the brass ball © to represent the 
sun, then Mercury x, Venus 9, the Eartb S. 


5 5 
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Mars FY „Jupiter 1 9 and Saturn h then the 
Georgium Sidus H. | 
When the. pupil has been 3 _ . 
the instrument in motion, and making his own 
observations on those motions, it will be proper to 
acquaint him with the names of the different pla- 
' nets, and of their division into primary and se- 
condary, to shew him how they were first distin- 
guished from the fixed stars, and how the length 
of their periodic revolution was discovered. Here 
it will be proper to observe, that the annual mo- 
tion of the earth, or the time it takes to perform 
its period round the sun, is made the basis to 
which. the others are compared ; and this is one of 
the reasons, why the months, and days of our 
months, are engraved on the circle. Having ob- 
served this, the planets may be put in motion, and 
they will be found to revolve round the represen- 
tative of the sun in their proportionable times, 
each planet always completing its revolution in 
the same space of time, in periods regulated and 
proportioned. to their distance from tbe sun: the 
curve which they describe in their revalutigns is 
what is 1 * ita roy off: un wn 


— 


erscht, EX PLAN ATZ on or PI SOLAR $Ys- N 
TEN BY THE PLANETARIUM. 0 
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AO ic 10 denn in : a 

In the center of ithe System is che un; e | 

in the heavens * that Aug Power, * said; 
"> Fes 


; 4 
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«Let. there be light, and there was light,“ to be 
the fountain of light and beat o all the ne 
revolving round him. 5 1 4 
37 1 wt 2 „ His rapid 1 

1 8605 Themselves unmeasur d, measure all our days: 


1 thousand worlds confess his quick ning heat, 
: « And all he cheers are fruitful, fair and woet. 


| The eitustien of this en bbdyzi in the RFC 
is pointed: out in this machine PR the bras wk in 
Pn} eue | | 

Mercury is the nearest plan to ar sun, Leng 
moves round him in about 88 days. To observe 
this by the planetarium, observe the parts of the 
ecliptic ; where Mercury and Venus are situated, 
or set them to any two given places therein, and 
then turn the handle; and when Mercury is re- 
turned to the place from whence he set out, the 
earth will. have gone over 88 days of the ecliptic. 
In the same manner you will find the periods of 

the other planets mes to they ane 
88 0 in the heavens. 

As Mercury moves round bim in Lane less 
than three months; that consequently is the length 
of his year; the year in each planet being the 
space of time which it ogcupies in going round 

the sun. Mercury | is seldom seen, on account of 

his being so near to the surffhs to be generally con- 
cealed by his rays; and the time of bis rotation 
on his axis, or the length of 900 e, * mien. 
has not ou * 
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© Venus, the next planet to Mercury, Aiaainguid 
ed in the heavens by her superior lustre and 
brightness, completes her annual or yearly revo- 
lution round the sun in about 225 days; and her 
diurnal or daily rotation upon her own axis in 
about 233 hours. When this planet appears to 
the west of the sun, she rises before him in the 
morning, and is called the morning star; and 
when she appears to the east of the sun, she shines 
in the evening after he sets, and is then ealled the 
evening star; being * each situation, alternately, 
for about 74 mentis ben ide ts; 
The next planet b Venus is the Earil, 
whose annual revolution is performed in 365 days, 
5 hours, and 49 minutes, or rather more than 12 
months (the brazen ecliptic i is however only divi- 
ded into 365 days), and its diurnal rotation in 
about 24 hours. Every fourth year, one day is 
added at the end of February, to recover the time 
which the earth spends in her annual course above 
the 365 days, which eompose a common year. 
This fourth year therefore consists of gs. | 
_ is called bissextile, and also leap- year. 
Next above the earth's orbit is that of Mars, 
wikh completes his revolution round the sun in 
somewhat less than two of our years, and his ro- 
tation upon his axis is rather more than 245 hours. 
Jupiter, the largest of all the planets, holds the 
next place to Mars in distance from the sun. He 
pevforms® his annual revolution i in rather less than 


"Ef * * 
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12 years, and his diurnal. rotation in about ten 
tours. Jupiter, as well as Venus, Is sometimes 
dalled a morning, and sometimes an evening star. 
Next to the orbit of Jupiter is that of Saturn, 
Who complstes his annual revolution round the 
sun in about 294 years. The time af his en 

+ 2 is unknown. 

Saturn was eee ee as * e 
— pon, till, on the 18th of March, 
1781, Dr. Herschel discoxered another, still further 
distant ſrom the sun, round which it revolves in 
an orbit nearly circular, in about 82 years. To 
this planet Dr. nee en hes 0 of ih 

Rene Sidus. 21 Dorf 5 
Besides these oven. , primony hs 1 ee pi 
| es Gar called secondary planets, or satel- 
dites, which move round their primaries in = 
game manner as these-moye;rgund the gun. 
The first of these is the moon, e by 
the small ball annex ed to the earth. Wbile it ae- 
companies the earth in its annual progress through 
its orbit, it is continually revolying round it; as 
you will see in that part af the instrument that is 
- particularly designed to illustrate an avon: 
of the moon. See plate 12, fig, 2 i 

Jupiter has four satellites, A n ond 
the Georgium Sidus six; they are all invisible to 
the naked eye, andi are only to be seen by the as- 
sistance of telescopes. Saturn, besides his seven 
satellites, has a bright shining ring, which encom- 
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passes him: it is at such a distance from his body, 
that the fixed stars may frequently be seen between 
the inner edge of the ring and the planet itself. 
Dr. Herschel has lately discovered that this ring is 
divided into two parts, an inner and an outer ring, 
which are separated from each other by a space of 
one thousand miles. 


* * 
l * f 3 
#3 2324 {2 


c 
* 8 1 3 " 9 7 i 
w * 4 "I. 
. 


Ty explain, by the planztarium, why the cun, being a 
=" fixed body, appears to pass through all the Signs of 
ie zodiac in twelve months, or one year. It will 
dero that this mee is occasioned oy * an- 

nual motion of the earth. $5 


Ul 


As the general phenomena of the planetary 8yS- 


: tem will be best understood by an induction of 


particulars, I should advise the tutor to remove 
all the planets but those whose motion he is going 
to explain; for instance, let him now leave only 
the earth and sun; place the earth over Libra, 
and-it is plain that the sun will then be transferred, 
by the eye of the spectator to Aries, in which sign 
it will appear at the latter end of March: move 
the earth on in its orbit to Capricornus, and the 
sun will appear at Cancer in June, seeming to 
have moved from Y to S, though it has not 
Stirred, the real motion of the earth having caused 
the spectator to transfer the sun to all the inter- 
mediate points in the heavens, and thus given it 
an apparent motion. Continue to mioye.the earth 
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till it arrives at Aries, and the sun will be seen in 
Libra in the month of September : moving the 
earth on to Cancer, the visual ray of the speetator 
reſers the sun to Capricorn, as it appears: in the 
month of December, Lastly, continue moving 
the earth, and it will arrive at Aries, where we set 
out. Thus we have shewn that it is the motion of 
the earth which causes the sun to appear in all the 
different signs of the zodiac. Custom, indeed, 
has taught us to say the sun is in Aries, when it is 
between us and Aries, and so of any other sign; 
whereas it would have been more pee to say, 
that the earth 1 is in Libra. n e 


a To chew why at different i times of 117 year we see the 
| _ heavens decorated. with an enti re different « collec- 
£3 een : NG 15 1 , 


74 Fit 


5 This phenomenon. i is n 18 the ene 
| progressive or annual motion; while thè earth is 
traversitig cis course under the vast coeave of 
fixed stats, we are gradually carried under the dif- 
ferent constellations. From hence it is evident, 
that at night when the earth is turned from the 
sun, we shall in suecession have the opportunity 
of viewing from time to time all the stars in the 
zodiac, and consequently a me gs 
will present itself every month. e 0 

Thus, the Pleiades are not vitible m . sum 
mer; but in the winter the earth is got between 
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| the sun and them. Tbese stars are observable at 
night, because may are not 1nterceptedfrom our 
sight by the sun's rays; and in this manner they 
appear during the whole winter, only they seem to 
get more westerly every night, as the earth! moves 
gradually by them to the east. Fo make this still 
more clear, place the earth in the planetarium be- 
tween the sun and any of the signs, that side to- 
wards the sun will be day, and hat towards the ; 
sign night: it follows, that at night we are turned 
towards the stars, which in that sign (suppoxe, 2 
before, the Pleiades i in Taurus) will then be con- 
spicuous to us; but as the spring approaches, the 
earth withdraws itself from between the sun and 
the Pleiades, till at length the earth, by its pro- 
gressive motion, gets the sun between it and the 
stars, which then lie hid behind the solar rays : af- 
ter the same manner, while the earth performs his 
annual tract, the sun, which always seems to move 
the contrary way, darkens, by his splendor, the 
other constellations suecessively; but the stars 
opposite to those hid by the ws are at — pre- 
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Let the tutor now v place is Earth, Mars, and 
Ss on the planetarium; and as each planet 
moves with a different degree of velocity, they are 
_ continually changing their relative positions. Thus 
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, explain thy con junction, Ber ion, elongatian, 


£1137 A. 256 $1 


__ may now proceed 'to übe some observations 
on the motions of Venus, as observed in the pla- 
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on turning the handle of the machine, be will 


find; first, that the Earth moves twice as fast as 


Mars, making two revolutions while he makes 


one; and Venus, on the other hand, moves much 


— than the earth. Secondly, that in each re- 
' Folation of thé earth these planets continually 
change their relative positions, corresponding 


sone tines with the same point of een e but 


much oftener with een rg e #1 lm 


EY ons Ee r * 0 
Patin Nin fo nt ME 4 
, 9 | 


and other Kae of the Inferior Planets. T5 


netarium. If considered as viewed from the sun, 


we shall find that Venus would appear at one time 
| nearerito: the earth than at another; that some- 


times she would appear in the same part of the 


T7 ere and at others in opposite parts thereof, 


As the planets, when seen from the sun, change 


br Poüen with respect to the earth, so do they 
also, when seen from the earth, change their posi- 


tion with respect to the sun, being sometimes 


5 nearer to, at others farther from, and at times in 


conjunetion with him. 
But the conjunctions of Venus or ae, | 


seen from the earth, not only happen when they 
hey appear to be in opposition to the solar specta- 


*. 
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tor. Te illustrate this, bring the earth and Ve- 
nus to the first point of Capricorn; then by ap- 
plying a string from the sun over Venus and the 
earth, you will find them to be in conjundtion, ur 
on the tame point of the eelipti c. 

- Whereas if yon turn the handle till thei x sun is 
between Venus and the earth, a speetator in the 


sun will see Venus and the earth in opposition; 


but an inhabitant of the earth will see Venus not 
in eee to the -_ but 1 in NY e oof with 
Rim, non com! e 
In the . a 1 05 is ed tbe 
sun and earth; this is called the inſerior con- 
junction. In the second, the sun is situated he- 
tween the earth and Venus: are nnen 
piriepocuſantions: 3962 HO, OO TMM0TO03NG 
After either of these ene . will 
th seen to recede daily from the sun, but» never 
- departing beyond certain bounds, never appearing 


opposite to the sun; and when sbe is seen at the 


greatest distance from him, a line jaining her cen- 
ter with the center of the earth, will be cee 
to the orbit of Venus. renn 08; $ 1 
Jo illustrate this, take off Grams FROM my | 
mire and the ball of Venus from its supporting 
Stem; place the wire, plate 215 fig. 2, 30 that the 
part P may be on the stem that supports the earth, 
- and a similar socket, ig. 8, on the pin which aup- 
ports the ball of Venus; the wire E is 10 lie in a 
noteh at the top of the socket, which has been put 


412 PRENOMENA or THE PLANETS, 


upon the dapporting stem of Venus; then will the 


vire represent a visual ray going from an inhabit- 


ant of the earth to Venus. By turning the handle, 
you will! now find that the planet never departs 


further than certain limits from the sun, which are 


called its greatest elongations, when the wire be- 
comes a tangent to the orbit; after which, it ap- 
proaches the sun, till it arrives at v Cither the _— 
_ or superior? conjunction. F304 


It will also be evident . he i instrument, i | 
| Venus, from her superior conjunction, when she is 


furthest from the earth, to the time of her inferior 
conjunction, when she is nearest, sets later than 
the sun, is seen after sun-set, and is, as it were, the 
fore· runner of night and darkness. But from the 
inferior conjunction, till she comes to the superior 
one, sbe is always seen westward of the sun, and 
must consequently set before him in the evening, 
and rise before him in the eee 
See ee eee hed; 7/7 e ins ee 


Bring Venus and the earth to the beginning of | 


| ali when they will be in conjunction; and turn 


the handle for nearly 225 days, and as Venus 


moves faster than the earth; she will be come to 
Aries, and have finished her course, but will not 
have overtaken the earth, who has moved on in 
the mean time; and Venus must go on for some 


time, 'in order to overtake her. Therefore, if 


Venus should be this day in conjunction with the 


sun, in the inferior part of her orbit, she will not 
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come. again to the same conjunction n alter * 
year, 7 months, and 12 days. 15 82040 

It is also plain, by inspection of the e 5 
that though Venus does always keep nearly at the 
same distance from the sun, yet she is continually 
changing her distance from the earth; her distance 
is. greatest when she is in her superior, and least 
when She is in her inferior conjunction. KH 809 


1 explain the phases, the retrograde, dirtct, and | 
DS 3 Situations of the Planets. po” 


as Yang is an opake globe, andonly hines wh 
the light she receives from the sun, that face 
which is turned towards the sun will always be 
bright, while the opposite one will be in darkness; 
consequently, if the situation of the earth be such, 
that the dark side of Venus be turned towards us, 
she will then be invisible, orte she appear like a 
spot on the disc of the sun. If her whole illumin- 
ated face ĩs turned towards the earth, as it is in her 
superior conjunction, she appears of a circular 
form ; and according to the different positions of 
the earth and Venus, she will have different forms, 
and appear with different phases, undergoing the 
same changes of form as the moon. These C 
ferent phases are seen very plain in this instru- 
ment, as the side of the planet, which is opposite 
_ toithe A blackened ; so that in n e 
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aà line drawn from the earth: to the planet, will re- 
present that part of her disc which. is visible to us. 
The irregularities in the apparent motions of 
the planets, is a subject that this instrument will 
fully elucidate; and the pupil will find that they 
are only apparent, taking their rise from the situa- 
tion and motion of the observer. Jo illustrate 
this, let us suppose the above- mentioned wire, 
when connected with Venus and the earth, to be 
the visual ray of an observer on the earth, it will 
then point out how the motions of Venus appear 
in the heavens, and the path she appears to us to 
nee che fixed stars. 

Let Venus be placed near her superior eee 
tion, and the instrument in motion, the wire will 
mark out the apparent motion of Venus in the 
ecliptic-/ Thus Venus will appear to move east- 
ward in the eeliptic, till the wire becomes a tan- 
. gent to the orbit of Venus, in which situation dhe | 
will appear to us to be stationary, or not to ad- 
vance at all among the fixed stars; a circumstance 
which is exceeding en — n 
netarium A 297 

.* Continge, tioning) ell Venus dv? 5 
conjunction, and you will find by the wire, or 
visual ray, that. she now appears to mov back- 
__ ward in the echptie, or from east to west, till she 

is arrived to that part where the visual ray again 
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tion, Venus will again appear stationary for some 
time; aſter which she will commence anew her 
direct motion. 111 234 FDETROWNS? 
Hence, when Venus is in the superior part of 
her orbit, she is always seen to moye directly, ac- 
cording to the order of the signs; but when che is is 
in the inferior part, she b to move in a con- 
trary direction. F 
What has been said concerning ** motions 2 
Venus, is applicable to those of Mercury; but 
the conjunctions of Mercury with the sun, as well 
as the times of his being direct, stationary, or re- 


trograde, are more frequent than those of Venus. 


Of the superior planets, as seen from the cart. 


If the tutor wishes to extend his observations om 
the instrument to Mars, he will find by the visual 
ray, that Mars, when in conjunction, and when in 
opposition, will appear in the same point of the 
eeliptic, whether it is seen from the sun or the 
earth; and in this situation only is its real and 
apparent place the same, because then only the 
ray ae as ift it came 6 from the: center 8 0 5 
universe. 
He will MER that the direct motion 40 . 
superior planets is swifter the nearer it is to the 
conjunction, and slower when it is nearer to quad- 
rature with the sun; but that the retrograde mo- 
tion of a peer 2 is swifter the nearer it is 


— ' CAM" 
x 4 * 
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to opposition, and slower the nearer it is to quad- 


rature; but at the time of change from direct to 
3 its motion becomes insensible. 6 


175 „ 8 err Fe 
AW, 3 #3 7% © * 


7 pill y 110 ae the truth of the ce. 
: | Sled, and absurdity oy the Ptolemaic {rt | 


1 APO 

0 all the prejudices whioh en contra- 
dicts; there is none $0 general as that the earth 
keeps its place unmoved. This opinion seems to 
be universal, tilll it is corrected by instruetion, or 
by philosophical Speculation. Those who, have any 
tincture of education, are not now in danger of be- 
ing held by it; but yet they find at first a reluc- 
tance to believe that there are antipodes, that the 
earth is spherical, and turns round its axis every 
day, and round the sun every year. They can re- 
collect the time when reason struggled with pre- 
Judice upon these points, and e at ane 
but not without some efforts.“ 

The planetarium gives e eee 80 
the motion of the earth about the sun, by shewing 
chat it is thus only that the celestial phenomena 
can be explained, and making the absurdity of the 
Ptolemaic system evident to the senses of young 
people. For this purpose, take off the brass ball 
which represents the sun, and put on the small 
ivory ball, which eee the instrument in 


6 3 (UL * Yen: : 
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its place, to represent the earth, and place a small 
brass ball for the sun, on that arm which carries 
the earth. | 

The instrument in this state will give an idea of 
the Ptolemaic system, with the earth immoveable 
in the center, and the heavenly»bodies revolving 
about in the following order: Mercury, Venus, the 
Sun, Mars, Jupiter, and Saturn. Now, in this 
disposition of the planets, several circumstances are 
to be observed, that are contrary to the real ap- 
pearances of the celestial motions, and which 
therefore prove the falsity of this system. 

It will appear from the instrument; that on this 
hypothesis Mercury and Venus could never be 
seen to go behind the sun, from the earth, be- 
cause the orbits of both of them are contained be- 
tween the sun and the earth; but these planets are 
seen to go as often behind the sun as before it; 
we may, therefore; from hence conelude that this 
system is erroneous: | = 

It is also apparent in the planetarium, that on 
this.scheme these planets might be seen in con- 
junction with, or in opposition to the sun, or at 
any distance from it. But this is contrary to ex- 
perience, for they are never seen in opposition to 
the sun, or on the meridian of London, for in- 
stance, at midnight, nor ever recede from it be- 
"une certain limits. 

Again, ou the Ptolemaic ated all the planets 
would be at an equal distance from the earth, in 


D d 


| 
| 
| 
| 
| 


418 PHENOMENA OF THE PLANETS. 


all parts of their orbits, and would therefore ne- 
cessarily appear always of the same magnitude, 
and moving with equal and uniform velocities in 


one direction; circumstances which are known to 
be repugnant to observation and experience. 


— 


/ 


To rectify the planetarium, or place the planets in 


their true eee as geen. from the gun. 


The situations of the planets in the heavens are 


2 accurately calculated by astronomers, and published 


in almanacks appropriated to the purpose, as the 


Nautical Almanack, White's Ephemeris, &c. An 


ephemeris is a diary or daily register of the mo- 
tions and places of the heavenly bodies, shewing 
the situation of each planet at 12 o'clock each 


day. These situations it exhibits both as seen 


from the sun, and from the earth; but as the for- 
mer, or the heliocentrie, is the only one of any 
use ſor this purpose, we shall here insert, and 
explain, so much of that part of Mr. White's 
ephemeris, as will enable the pupil to rectify his 
planetarium. SN | — | 


a - > ; 
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Ol. Day Length! Helioc, | Helioc.| Helioc. Helioc. | Helioc. | Helioc. 
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In the foregoing table for May 1790, you have 
the heliocentric places calculated to every six days 
of the month, which is sufficiently accurate for 
general purposes. Thus on the 19th, you have 
Saturn in 28? 11' of Pisces, Jupiter 3* 37“ of 
Virgo, Mars in 5 20' of Libra, the Earth 28 3@ 
of Virgo, Venus 7* 7“ of Capricorn, and Mercury 
4 13“ of Virgo; to which places on the ecliptic of 
the planetarium the several planets are to be set; 
and they will then exhibit their real situations, 
both with respect to the sun and the earth, for 
that day. 


Ts use the instrument as a hills plate 12 1 1. 


The sun, the earth, and the moon, are bodies, 
which from our connexion with them, are 80 in- 
teresting to us, that it is necessary to enter into a 
minute detail of their respective phenomena; To 
render this instrument a tellurian, all the planets 
are first to be taken off, the piece of wheel-work, 
AB, is to be placed on in their stead, in such a 
manner that the wheel, c, may fall into the teeth 
that are cut upon the edge of the ecliptic. The 
milled nut, D, is then to be screwed on, to keep 
the wheel- work firmly in its place. It is best to 
place this wheel-work in such a manner, that the 
index, E, may point to the 21st of June, and then 
to move the globe so that the north pole ey be 
turned towards the sun. 

924 2 
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The instrument will then shew in an accurate 
and clear manner, all the phenomena arising from 
the annual and diurnal motion of the earth; as 
the globe i is of three inches diameter, all the con- 
tinents, seas, kingdoms, &c. may be distinctly 
Seen; the equator, the ecliptic, tropics, aud other 
circles, are very visible, so that the problems rela- 
tive to peculiar places may be satisfactorily solved. 
The axis of the earth is inclined to the ecliptic 
in an angle of 665 degrees, and preserves its pa- 
1 rallelim during the whole of its revolution. 
About the globe there is a circle, to represent the 
terminator, or boundary between light and dark- 
ness, dividing the enlightened from the dark he- 
misphere. At N O is an hour dune, to deter- 
mine the time of sun- rising or setting. | 
The brass index, G, represents a central solar 
5 ray; it serves to sbhew when it is noon, or when 
the sun is upon the meridian at any given place; 
it also shews what sign and degree of the ecliptic 
on the globe the sun describes on any Ae and 
the parallel it describes. a 

The plane of the terminator, HI, passes 5 
| the center of: the- earth, and is perpendicular to 
the central solar ray. The index, E, points out 
the sun's place in the ecliptic instrument for Fwy 
Wo e in 80 e a 


no 
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To explain the changes of seasons by the lellurian. 


Before I shew how the seasons are explained by 
the instrument, it is necessary to assume two pro- 
positions: 1. That a globular luminous body, 
sending out parallel rays of light, will only en- 
lighten one-half of another globe, and that of 
course will be the hemisphere turned towards the 
luminous body. 2. That the earth moves round 
the sun in such a manner, that in all parts of its 
orbit its axis is parallel to itself, and has a certain 
inclination to the plane of the orbit. These being 
understood, the first thing to be done is to rectify 
the tellurian; or, in other words, to put the globe 
into a position similar to that of the earth, for any 
given day. Thus, to rectify the tellurian for the 
21st of June, turn the handle till the annual in- 
dex comes to the given day; then move the globe 
by the arm, K L, so that the north pole may be 
turned towards the sun; and adjust the termina- 
tor, so that it may just touch the edge of the arctic. 
circle. The globe is then in the situation of the 
earth for the longest day in our northern hemis- 
phere, the annual index pointing to the first point 
of Cancer and the 21st of June; bring the meri- 
dian of London to coincide with the central solar 
ray, and move the hour circle, N O, till the in- 
dex, L, points to XII; we then have the situation 
of London with respect to the longest day. 


| | 
| 
| 
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Now, on gently turning the handle of the ma- 


chine, the point representing London will, by the 


rotation of the earth, be carried away towards the 


east, while the sun seems to move westward; and 
when London has arrived at the eastern part of 


the terminator, the index will point on the hour 


circle the time of sun- setting for that day; con- 


tinue to turn on, and London- will move in the 
shaded part of the earth, on the other side of the 
terminator; when the index is again at XII, it is 


midnight at London; by moving on, London 


will emerge from the western side of the termina- 
tor, and the index will point out the time of sun- 


rising, the sun at that instant appearing to rise 


above the horizon in the east to an r of 
London. | 
It will be evident by the instrument, while in 


this position, that the central solar ray, during 
the whole revolution of the earth on its axis, only 
points to the tropic of Cancer, and that the sun is 
vertical to no other part of the earth, but those 


who are under this tropic. 
- By observing how the terminator cuts the several 


parallels of the globe, we shall find that all those 


between the northern and southern polar circles, 
except the equator, - are divided unequally into 


diurnal and nocturnal arches, the former being 


greatest on the north side of the equator, and the 


latter on the South side of 1 it, 


PHENOMENA OF THE PLANETS. 423 


In this position, the northern polar circle is 
wholly on that side the terminator which is nearest 
the sun, and therefore altogether in the enlight- 
ened hemisphere, and the inhabitants thereof en- 
joy a continual day. In the same manner, the 


inhabitants of the southern polar circle continue 


in the dark at this time, notwithstanding the di- 
urnal revolution of the earth; it is the annual 
motion only which can relieve them from this si- 
tuation of perpetual darkness, and bring to them 
the blessings of day, and the enjoyments of sum- 


mer; while in this state, the inhabitants of north | 


latitude are nearest to the central solar ray, and 
consequently to the sun's perpendicular beams, 
and of course a greater number of bis rays will 
fall upon any given place, than at any other time; 


the sun's rays do now also pass through a less 
quantity of the atmosphere, which, together with 


the length of the day and the shortness of the 


night, are the reasons of the increase of heat in 


summer, together with all its other delightful 
effects. 


While the earth continues to-turn round on its 


own axis once a day, it is continually advancing 


from west to east, according to the order of the 
signs, as is seen by the progress of the annual 
index E, which points successively to all the signs 


and degrees of the ecliptic; the sun in the mean 
time seems to describe the ecliptic also, going . 
from west to east, at the distance of six signs from 


7 
* 
* 
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the earth; that is, when the earth really sets out 
from the first point of Capricorn, the sun seems 
to set out from the first 9 of ee as is 
+ pit from the inden. neo . 
But as, during the annual 763 4. 2h of! the | 
- earth, the axis always remains parallel to itself, the 
situation of this axis, with respect 0 the * 
must be continually changing. 2 1 i 
As the earth moves on in the ecliptic, the's nor- 
"Kher polar circle gets gradually under the termi- 
nator, so that when the earth has arrived at the 
first point of Aries, and the annual index is at the 
first poiut of Libra on the 22d of September, this 


circle is divided into two equal parts by the termi- 


nator, as is also every other parallel cirele, and 
gonsequently the diurnal and nocturnal arches. 
are equal; this is called the time of equinox, the 
days and nights are then equal all over the earth, 

being each of them 12 hours long, as will be seen 
by the horary index L. The central solar ray, 7M | 
having Successively. pointed ta all the parallels that 


may be supposed to be between the equator and 


the tropic of Cancer, is at this period perpendicu- 
lar to the inhabitants that live at the equator. 
By continuing to turn the handle, the earth 
e in the ecliptic, and the termipator sbews 
ho the days are continually decreasing, and the | 
diurnal! arches. shortening, till by. degrees the 


whole space contained by the northern polar cir- 
ele is on that side of the terminator which is opa 
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posite to che; sun, Which happens when the earth 
is got to the first point of Cancer, and the annual 
index is at the first point of Capricorn, on the 
21st of December. In this state of the globe} the 
northern polar circle, and all the country within 
that space, have no day at all; whilst the inhabi- 
tants that live within the southern polar eirele, 


being on that side of the terminator which is next 


the sun, enjoy perpetual day. By this, and the 
former situation of the earth, the pupil. will ob- 
serve that there are nations to whom a great por- 
tion of the year is darkness, who are condemned 
to pass weeks and months without the benign in- | 
fluence of the solar rays. The central solar ray 
is now perpendicular to the tropic of Capricorn; 
the length of the days is now inversely what it was 
when the sun entered Cancer, the days being now 
at their shortest and the nights longest in the 


northern hemisphere; the r of enen 1 


out by the horary inden. * 
IThbe earth being again eech on Ul it enters 
: 2 and the sun Aries, we shall again have all 
the phenomena of the equinoctial seasons. The 
terminator will divide all the parallels into two 
equal parts; the poles will again he in the plane 
of the terminator, and consequently, as the globe 
rexolves, eyaty place from pole to pole will de- 
seribe an equul arch in the enlightened and ob- 
scure hemispheres, entering into and going out of . 


* 


Ares | | PHBNOMBNA OF. THE PLANETS, 


the earth; that is, when the earth really sets out 
from the first point of Capricorn, the sun seems 


tao set out from the firat pa of ene as is 


Pen from the index. 8 


But as, during the aue 8 of; the 
earth, the axis always remains parallel to itself, the 
Situation of this axis, with 5 to the zun, 
must be continually changing. Ni inert 

As the earth moves on in the ecliptic, thee nor- 
ther polar circle gets gradually under the termi- 
nator, so that when the earth has arrived at the 
first point of Aries, and the annual index is at the 
first point of Libra on the 22d of September, this 
circle is divided into two equal parts by the termi- 
. nator, as is also every other. parallel cirele, and 
consequently: the diurnal and nocturnal arches 
are equal; this is called the time of equinox, the 
days and nights are then equal all over the earth, 8 
being each of them 12 hours long, as will be seen . 
by the horary index L. The central solar ray, G. | 
"dw successively pointed ta all the parallets that 


may be supposed to be between the equator and 


the tropic of Cancer, is at this period reren: 
lar to the inhabitants that lve at the equator. ; FN 
By cantinuing to turn the handle, the earth 
ee in the ecliptic, and the termipator sbews 
how the days are continually decreasing, and the * 
diurnal arches. shortening, till by degrees the 
whole space contained by the nortbern polar cir- 
ele Ip on. that side of * s terminator which is oP: 
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posite to the'sun, which happens when the earth 


is got to the first point of Cancer, and the annual 


index is at the first point of Capricorn, on the 
218t of December. In this state of the globe, the 
northern polar circle, and all the country within 
that space, have no day at all; whilst the inhabi- 


tants that live within the southern polar circle, 
being on that side of the terminator which is next 


the sun, enjoy perpetual day. By this, and the 
former situation of the earth, the pupil will ob- 
serve that there are nations to whom a great por- 
tion of the year is darkness, who are condemned 


to pass weeks and months without the benign in- | 
| fluence. of” the solar rays. The central solar ray | 
is now perpendicular to the tropic of Capricorn; 
the length of the days is now inversely what it was 


when the sun entered Cancer, the days being now 
at their shortest and the nights longest in the 
northern hemisphere; the I of gr is 1 
out by the horary inden. | 

The earth being again carifecia on Ul it enters 
a 1 and the sun Aries, we shall again have all 
the phenomena of the equinoctial seasons. The 


terminator will divide all the parallels into two 


equal parts; the poles will again he in the plane 


of the terminator, and consequently, as the globe 
revolves, eyety place from pole to pole will de- 
scribe an equal arch in the enlightened and ob- 


scure hemispheres, entering into and going out of 


* 


A 


n 


1 o | a 0 
1 . 4 _ al - 
* ; * , £ | 
, 1 1 % 5 ” " ; 
1 5 a 5 * y * * 
WE 2 2 8 e 3 „ bo . 1 a 
4 fx . 5 5 N 7 n "A 8 UV 1 n 9 3 1 2 1 12 5 8 r ' #: Sha _ 1 6 * ö Ek NY 1 
, ü ̃ — , CT ²gm ũũũn U ¹wm f ̃ 6mę . e e . . , ,,,, 7.7, .,.... r ..11„ͤ„% x 2 . ]ꝗ ̃—ͤÜ¹¹.nn 2 8 


1 
| 
i 
| 
; 
| 


426 PHENOMENA OF THE PLANETS. 


coach exactly at six 0 clock, as chewn' by he IM 
index, IO 
As the earth advances, 1 more of the ee 
polar circle comes into the illuminated hemis- 
phere, and consequently the days increase with 
us, while those on the other side of the equator 
deerease, till the earth arrives at the first point of 
Capricorn, the place from nes we first began to 
ere e ger enen „ þ 
| To ar A Pe that 101. place in a ene. 
n el, direct, and Fight Pere. _— 1 


Take off the globe and its terminator, and ook 
a in its place the globe which accompanies the 
instrument, and which is furnished with a meri- 
dian, horizon, and quadrant of altitude; the edge 
of the horizon is graduated from the east and 
west to the north and south points, and within 
these divisions are the points of 'the- compass to 
the under side of this horizon; but at 18 degrees 
from it another circle is affixed, to represent the 
twilight circle; the meridian i is graduated like the 
- meridian of a globe; the quadrant of altitude is 
divided into degrees, beginning at ws _—_— _ 
finishing at the horizon. 
\ This: globe, if the horizon be differently. set 
Wah respect to the solar ray, will exhibit the 
parious phenomena arising from the zituation of 
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the horizon with respect to the sun, either in a 
right, a parallel, or an oblique sphere; or, having 
set the horizon to any place, you will see by the 


central solar ray how long the sun is above or 
below the horizon of that, place, and at what 


point of the compass he rises, his meridian alti- 
tude, and many other curious e of 
which we shall give a few examples. 7 
Set the horizon to coincide with the! equator, 
and place the earth in the first point of Libra; 
then will the globe be in the position of a parallel 
sphere, and of the inhabitants of the poles at that 
season of the year, which inhabitants are repre- 
| sented by the pin at the upper part of the qua- 


drant of altitude: the handle being turned round 


gently, the earth. will revolve upon its axis, and 


the solar ray will coincide with the horizon, with- 


out deviating in the least to the north or south; 
shewing, that on the 21st of March the sun does 
not appear to rise or set to the terrestrial poles, but 


passes round through all the points of the com- 
| pass, the plane of the em e re the sun's 


* | 1:04 5. 
No place 4 vookion's so that it may * 
ah the poles, and the pin representing an inha- 


bitant be over the equator; the globe in this posi- 


tion is said to be in that of a right sphere; the 
equator and all the parallels of latitude are at 
right angles, or perpendicular to the horizon; by 


„ 


turning the handle till the earth has completed a 
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year, or one revolution about the sun, we shall 


derceive all the solar phenomena as they happen 
to an inhabitant of the equator? which are, 1. That 
the sun rises at six and sets at six throughout the 
year, 80 that the dayg and nights there are perpe- 
tually equal. 2. That on the 21st of March and 


22d of September, the sun is in the zenith, or 
| exactly over the heads of the inhabitants. 3. That 


one-half of the year, between March and Septem- 
ber, the sun is every day full north; and the other | 
half, between September and March, is full South 
of the equator, his meridian altitude —_— never 
less than 663 degrees. | 

If the pin representing an iabebihme 66-1 now 
© Hats out of the equator, and set upon any 
place between it and the poles, the horizon will 


not then pass through either of the poles, nor eo- 
ineide with the equator, but eut it obliquely; one 


half being above, the other half below the hori- 
zon; the globe in this state is said to be in that of 
an oblique sphere, of which there are as many 
varieties, as there are places between the equator 
and either pole. But one example will be suffi- 


. cient; for whatever appearance happens to one 
place, the same, as to kind, happens to every other 


place, differing. only in degree, as the latitudes - 
differ. Bring the pin, therefore, over London, 
| thei will the horizon represent the horizon of 
London, and in one revolution of the earth round 
the sun, we shall have all the solar e 


* 
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through the four seasons e exhibizell as they 
really are in nature; that is, the earth standing at 
the first degree of Libra, and the sun then enter- 
ing into Aries, the meridian turned to the solar 
ray, and the hour index set to XII, you vill then 
have the globe standing in the same position to- 
Wards the sun, as our earth does at noon on the 
218t of March. If the handle be turned round, 
when the solar ray comes to the western edge of 
the horizon, the hour index will point to VI, which 
sheys the time of sun- setting; London then passes 
into, and continues in darkness, till the hour in- 
dex having passed over XII hours, comes again to 
VI, at which time the solar ray gains the eastern 
edge of the horizon, thereby defining the time of 
sun-rising; ; six hours afterwards the meridian 
again comes to the solar ray, and the hour index 
points to XII, thereby evidently demonstrating 
the equality of the day and night, when the sun is 
in the equinoctial. Tou may then also We : 
that the sun rises due east, and sets due west. 
Continuing to move the handle, you will god 
chat · the solar ray declines from the equator to- 
wards the north, and every day at noon rises 
higher upon the graduations of the meridian than 
it did beſore; oontinually approaching to Lon 
the days at the same time growing longer and 
longer, and the sun rising and setting more and 
more towards the north, till the 2 Ist af June; 
when the earth gets. in the first e of N 
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corn, and the sun. appears in the tropic FF, Cancer, 
rising about 40 min. past III in the morning, and 
setting about 20 min: past VIII in the evening; 
and after continuing about seven hours in the 
nether hemisphere, appears rising in the north- 
east, as before. From the 21st of June to the 22d 
of September, the sun recedes to the south, and 
the days gradually decrease to the autumnal equi- 
nox, when they again become equal. 
During the three succeeding mant een 
continues to decline towards the south pole, till 
the 218t, of December, when the sun enters the 


85 tropic of Capricorn, rising to the south - east point 


of the compass about 20 min. past VIII in the 
morning, and setting about 40 min. past III in the 
evening, at the south - west point upon the hori- 
zon; after which, the sun continues in the dark 
| hemisphere for 17 hours, and then appears again 
in the south east as before. From this chill sol- 
stice the sun returns towards the north, and the 
' Hays continually i increase in length till the vernal 
._ equinox, when all things are restored to the same 
order as at the beginning. 

Thus all the varieties of the seasons, had time 
of sun- rising and setting, and at what point of ne 
compass, as also the meridian altitude and declina- 
tion every day of the year, and duration of twi- 
ght, and to what place the sun is at any time 
vertical, are 1 ee _ an 1 1 its 
U a RE 11 
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Before we. quit the phenomena particularly 
arising from the motion and position of the earth, 
let the globe, with the meridian and horizon, be 
removed, and the ivory ball which fits upon a pin 
be placed thereon, to represent the earth. | 

As the axis of this globe stands perpendicular to 
the plane of the ecliptic, you will find that the so- 
lar ray continually points to the equator of this lit- 
tle ball, and will never deviate- to the north or 
south; though by turning the handle, the ball is 
made to complete a revolution round the sun. 
This shews that the earth in this position would 
have the days and nights equal in every part of the 
globe, all the year long ; there would have been | 
no difference i in the climates'vf the earth; no dis- 5 

tinctions of seasons; an eternal summer, or never- 
_ ceasing winter, would have been our portion; an 
unvaried sameness, that would have limited inqui- | 
ry, and satiated curiosity; and that the variety of 
. the seasons is owing to its axis "wy inclined to 
the plane of its orbit. 
An explanation of the causes of the vicissitudes 
5 of the seasons, so naturally introduces the follow- 
ing reflections of Mr. Cowper, in his Winter's 
Walk, that I hope they will not be deemed im- 
ren either by the tutor or bis pupil. 85 


What prodigies can power divine performs 
| Mare grand than it produces year by year, 
And all in sight of inattentive man? 5 
Familiar with th effect we slight the cause, 
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0 i And in che — nature's course, 15 
The. regular return of genial months, oily atone 


And renoyation. of a faded world, 3 1 N 6 | 
Yee nought t to wonder at. Should God a again, ER 
As once in Gibeon, interrupt V 


Of the undeviating and punctual sun, a 
How would the world admire but speaks it b. 
An agency divine, to make him know 
His moment when to Sink, and. when to rise, ; 
1 after a age, than to arrest his course? 
11 All we behold is miracle; but seen 
. $0 duly, all is miracle in van. 
Where now the vital energy that moy'd 

115 Wnile summer was, the pure and aubtle 3 
Through th' imperceptible meand'ring veins 
Of leaf and flower? It sleeps, and th oy touch | 
Of unprolific winter has impress d 
A cold stagnation on#th' intestine tide ; | 

But let the months go round, a few short months, 
""And all shall be restor d. These naked shoots, 
Barren as lances, among which the wind 
Makes wintry music, sighing as it goes, : 
Shall put their graceful foliage on again 
And more aspiring, and with ampler spread, 
Shall boast new charms, and more. than Lg have lost. 


© 
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© And 1 this 1 an scene 
Shall be dismantled of its fleecy load, 
And Aush into variety again, . | . 
From dearth to plenty, and from death to ne. ee 
Is nature's progress when she lectures man l 
In heavenly truth; evincing, as she makes 
The grand transition, that there lives and works | 
A soul in all things, and that soul is God. FOES 
The beauties of the wilderness are his, 5 1 . r 8 
© "That make 80 gay the solitary place. 
45 5 
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my Where no eye secs them. . the fairer forms, ici. 

hat cultivation glories i in, wa. Re © 

©  He-xets the bright procession on its way, N E Qed 
"And marshals all the order of the year. Mer eess 
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, * which the mighty process is 3 e 

3 bo sleeps not, is not weary; in whose sight 9 8 | 
3 Slow circling ages are as transient days 155 
: 1 Whose work is without labour; hose deeigns , 1 5 
No flaw deforms, no difficulty thwarts; 8 
gia whose beneficence no change exhausts. 18 


jon a by run sn. Fun, 125 WY a. . 1 
Hing FEY ilustrated the henna which: 
arise particularly from the inclination of the earth's; 
axis to the plane of the ecliptfe, from its rotation 
wund its axis, and revolution round the zun; 1 
now proceed to explain; Ly this instrument, the 
| phenomena of the moon.” But in order to this, it 
will be necessary to peak first of the instrument, 
which is put in- motion, like the preceding ones | 
by the teeth of the fixed wheel ; it is fls6 to be — 
placed upon the same socket as the tellurian, and = 
confined down by the same milled nut. - 
| "The vloping ting D d represents the plane 25 | 
the moon's” orbit, or path, round the earth; 80. . 
that the moon in her revolution roumd the a - = 
does not more © parallel to the ny! of the e „ 
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but on this inclined plane; the two points of this 
plane, that are connected by the, brass wire, are 
the nodes, one of which is marked Q, for the 


| ascending node, the other J, for the descending 


node. The moon is therefore sometimes on the 
north, and sometimes on the south side of the 
ecliptic, which deviations from the ecliptic are 
called her north or south latitude ; her greatest 
deviation, which i is when she is at her highest and 


lowest points, called her limits, is 5 deg. 18 min.; 


this, with all the other intermediate degrees of la- 
titude,' are engraved on this ring, beginning at 
the nodes, and numbered both ways from them. 
At each side of the nodes, and at about 18 degrees 
distant from them, we find this mark O, and at 
about 12 degrees this , to indicate that when 
the full moon bas got as far ſrom the nodes as the 
mark ) there can be no eclipse of the moon, nor 
any eclipse of the sun; when the new moon has 
passed the mark O, these points are generally 
termed the limits of eclipses. The nodes of the 
moon do not remain fixed at the same point of the 
ecliptic, but have a motion ant; to the ar 
_ of the signs. 

TX is a small ds agate to the ecliptic ; it 


is divided into 12 signs, and each sign into 30 de- 


grees zg this circle is moveable in its socket, and is 
to be set by hand, so that the same sign may be 
opposite to the sun, that is marked out by the an- 
nual index. These signs . * * to 


> 


themselves, as they go round the sun; but the 
inclined plane with its nodes go backwards, so 
that each node recedes through all the above signs 
in about 19 years. RS is a circle, on which are 
divided the days of the moon's age; X X is an 
ellipsis, to represent the moon's elliptical orbit, 
the direct motion of the apogee, or the line of the 
apsides, with the situation of the elliptical orbit of 

the moon, and place of the apogee in the ecliptic 
at all times. 


Ts Yerteſy the Tunarinin. 


Set ths ain index on the large golintidy 4 to 
the first of Capricorn; then turn the plate, with 
the moon's signs upon it, until the beginning of 
Capricorn points directly at the sun; turn the 
handle till the annual index comes to the first of 
January z then find the-place of the north node i in 
an ephemeris, to which place among the moon's 
signs, set the north node of her inclined orbit, by 
turning it till it is in its proper place in the cirele 
© 4 . 7 * the PIE is the ty RI : 
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2 ratified the lunarium for aue, a FORE 
ng it into motion it will be evidenty , - 
1. That the moon, by the mechanism of the i in- 

| 8irgment, always moves in an orbit 9 to that = 
E e 2 


436 PHENOMENA Or THE MOON. 


of the ecliptic, and consequently i in an orbit ana- 
logous to that in which ts moon moves in the 
| heavens. | | 

2. That she moves om west to east. 

3. That the white or illuminated face of che 
moon is always turned towards the sun. | 

4. That the nodes have a revolution contrary 
to the order of the signs, that is, from Aries to 
Pisces; that this revolution is performed i in Wore 
19 years, as in nature. 

5. That the moon's rotation upon her axis is 
effected and completed in about 275 days, whereas 
it is 295 10 from one ane with, the sun 
to the next. bY oe FS, SA JENS. IRS 3-0" 

6. That every part of De: moon is TER" to the 
sun, in the space of her Far or en re- 

volution. n 
0 be more purejoulary: On turning the blinds, 
you will observe another motion of the earth, 5 


Which has not. yet been spoken of, namely, its 


monthly motion about the common center of gra- 
vity between the earth and moon, which center 
of gravity is represented by the pin Z. From 
hence we learn, that it is not the center of the 
earth which describes what is called the annual or- 
bit, but the center of gravity between the earth 
and moon, and that the earth has an irregular, 

vermicular, or spiral motion about this center, so 


chat it is every month at one time nearer to, at | 


another further from the sun. It is evident from | 
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the instrument, that the moon does not regard 
the center of the earth, but the center of gravity, 
as the center of her proper motion; that the cen- 
ter of the earth is furthest from the sun at new 
moon, and nearest at the full moon; that in the 
quadratures the monthly parallax of the earth is 
so sensible, as to require a particular equation in 
- astronomical tables. These particulars were first 
applied to the orrery, by the late learned and 
Wen Mr. Benjamin Martin. : 


"Th explain the Plates of the Moon, | 


The moon assumes different pbases to us, 1 on 
account of her globular figure ; 2. on account of 
the motion in her orbit, between the earth and. the 
sun, for wheneyer the moon is between the earth 
and the sun, we call it new moon, the enlightened 


part being then turned from us; but when the 


earth is between the sun and the moon, we then 


. call it full moon, the whole of the enjightened part 


being then turned towards us. | 

The phases of the moon are clearly n in 
this instrument ; for we here see that half which i is 
opposite to the sun is always dark, while that 
which is next to the sun is white, to represent the 
Yluminated part. Thus, when it is new moon, you 
will see the whole white part next the sun, and the 
dark part turned towards the earth, shewing there- 
. its disappearance, or the time of its conjunction 


— 


438 PHENOMENA OF THE MOON. - 


and change: on turning the handle, a small por- 
tion of the white part will begin to be seen from 
the earth, which portion will increase towards the 
1 end of the Seventh day, when you will perceive 
that half of the light, and half of the dark side, is 
turned towards the earth, thus illustrating the ap- 
rance of the moon at the first quarter. From 
hence the light side will continually shew itself 
more and more in à gibbous form, till at the end 
of fourteen days the whole white side will be turn- 
ed towards the earth, and the dark side from it, 
the earth now standing in a line between the sun 
and moon; and thus the instrument explains the 
opposition, or full moon. On turning the handle 
again, some of the shaded part will begin to turn 


towards the earth, and the white side to turn away 


from it, decreasing in 4 gibbous form till tbe last 
quarter, when the moon will appear again as a 
. erescent, which she preserves till ove has anne] 
| another conjunction. ; 

In this Junarium the moon has always the same | 
5 or side to the earth, as is evident from the 
spots delineated on the surface of the ivory ball, 
revolving : about its axis in the course of one revo- 
lution round the earth; ; in consequence of which 
the light and dark parts « of the moon appear per- 
manent ta us, and the phases are e as they 
e in the heayens. y 
. will be enabled by this ate to 

explain some other circumstances to his pupil; 


5 
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namely, chat as the earth turns round its axis once 
in 24 hours, it must in that time exhibit. every 
part' of its surface to the inhabitants of the moon, 
and therefore its luminous and opake parts will be 
seen by them in constant rotation. As that half 

of the earth which is opposed to the sun is always 
dark, the earth will exhibit the same phases to the 
lunarians that we do to them, only in a contrary 
order, that when the moon is new to us, we shall 
be full to them, and vice versa. But as one he- 
misphere only of the moon is ever turned towards 
us, it is only those that are in this hemisphere who 
can see us; our earth will appear to them always 
in one place, or fixed in the same part of the hea+ 
vens: the lunarians in the opposite hetnisphete 
never see our earth, nor do we ever view that part 


15 of the moon which they inhabit. The moon's 


apparent diurnal motion in the heavens is produ- 
ced by the daily revolution of our garth. 5 
If we consider the moon with respect to the 
sun, the instrument shews plainly that one half of 
her globe is always enlightened by the sun; that 
eyery part of the lunar ball is turned to the sun, 
in the space of her monthly or periodic reyoldtion ; 
and that therefore the length of the day and night 
in the moon is always the same, and equal to 144 
of our day. When the sun sets to the lunarians 
in that hemisphere next the earth, the terrestrial 
moon rises to them, and they can therefore never 
haye any dark night; while those in the other 
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e e can have no light by night, but” what | 
the ITO, 7 5 


0% the be petfcical and EI month. 


The: sven between the periodical . 
in which the moon exactly describes the ecliptic, 
and the synodieal, or time between any two new 

moons, is here rendered very evident. To shew 
this difference, observe at any new moon. her place 
in the ecliptic, then turn the bandle, and when 
the moon has got to the same point in the ecliptic, 
you will see that the dial shews 25% days, and the | 
moon has finished her periodic revolution. But 
the earth at the same time having advanced in its 
annual path about 27 degrees of the ecliptic, the 
moon will not have got round in a direct line with 
the sun, but will require 28 days and 4 hours 
=_ to bring it into nene with thy sun 
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Y tele of the Sunn and moon. 


There is Sothing i in ay more ads” uf 
gur contemplation; nor any thing more sublime in 
natural knowledge, than rightly to comprehend 
those sudden obscurations of the heavenly bodies 
that are: termed eclipses, and the accuracy with 
which they are now foretold.  < One of the chief 
adyantages derived by the present generation, from 


— 
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the improvement and diffacion of philgsophy, is | 
delivery from unnecessary terror, and exemption 
from false alarms. The unusual appearances, 
whether regular or accidental, which once spread 
consternation over ages of ignorance, are now the 
recreations of inquisitive security. The sun is no 
more lamented when it is eclipsed,. than when it 
sets; and meteors play their corruseations without 
prognostic or prediction.“ | | 

I have already observed, that the sun is the only 
real luminary in the solar system, and chat none 
of the other planets emit any light but what they 
have received from the sun; chat the hemisphere 
which is turned towards the sun is illuminated by 
bis rays, while the other side is involved i in dark- 
ness, and projects a Shadow, which arises from the 
luminous body. 

Wben the Coke of ther earth falls upon the 
moon, it causes an eclipse of the moon; when 
the shadow of the moon falls upon 885 earth, + 
causes an eclipse of the sun. 
N eclipse of the moon, therefore, x never - hap- 
pens but when the earth's opake body interposes 
between the sun and the maon, that is, at the full 
moon; and an eclipse of the sun neyer happens | 
but, hen the moon comes in a line between tlie 
earth and the sun, that is, at the new moon. 

From what we have already seen by the instru- . 
ment, it e that the moon is ches every 
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month in conjunction, and once in opposition; 
from hence it would appear, that there ought to 
be two eclipses, one of the sun, the other of the 
moon, every month; but this is not the case, and 
for two reasons, first, because the orbit of the 
moon is inclined in an angle of about 5 degrees 
to the plane of the ecliptic; and secondly, because 
the nodes of this orbit have a progressive motion, 
which causes them to change their place every lu- 
nation. Hende it often happens, that at the times 
: of opposition or conjunction, the moon has so 
much latitude, or, what is the same thing, is so 
much below or above the plane of the ecliptic, 
that the light of the sun will in the first case reach 
the moon, without any obstacle, and in the other 
the earth; but as the nodes are not fixed, but run 
successively through all the signs of the ecliptic, 
the moon is often, both at the times of conjunc- 
tion and opposition, in or very near the plane of 
the ecliptic; ; in these cases an eclipse happens, 
either of the sun or moon, according to her situa- 
tion. The whole of this is rendered clear by the 
lunarium, where the wire projecting from the 
| earth shews when the moon is above, below, or 
even with the earth, at the times of conjunetion 
and opposition, and thus when | there wir chard or 


8 nor, any eclipses. 


Ho The distance of the moon Pew the uri varies 
| $ehsibly with respect to the sun; it t does not more 
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in a circular, but in an elliptic orbit round us, the 
earth being at one of the foci of this curve.® The 
longer axis of the lunar orbit is not always directed 
to the same point of the heavens, but has à move- 
ment of its own, which is not to be confounded 
with that of the nodes; for the motion of the last 


is contrary to the order of signs, but that of the 


line of apsides is in the same direction, and re- 

turns to the same point in the beavens in about 
nine years. This motion is illustrated in the luna- 
rium by means of the brass ellipsis X Y, which is 


carried round the earth in little less than nine 
years: thus chewing the situation of the elliptical 


orbit of the moon, and the Nl ng of the apogee in 
the Sep. a 
Those who wish to extend the application bf 
the instrument further, may have an apparatus 
applied to it for explaining the Jovian and Satur- 
nian systems, illustrating the motion of their satel- 
lites, and of the ring of Saturn. But as this ap- 


plication would extend the price of the instrument 


beyond the reach of most purchasers, I have 
thought it would be unnecessary to describe them; 
the more so, as the phenomena they are intended 
to explain are accurately and clearly dexcribed i in 
fe introductory e 8 of ren 


* That point of ber orbit wherein aber ie nearest ug is 
called her perigee; the opposite point, in which she is farthest 
off, is called her apogee, These two points are called her apsides, 
the apogee is the ner; the perigee the lower apsis. 
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5 Having surveyed and endeavoured to illustrate 


. the general phenomena of the heavens, let us turn 


the mental eye towards our Lord, who hath made 
all things in heaven and earth, and whose tender 
care is over all. 
e Innumerable worlds stood forth at thy com- 
mand, and i word they are filled with. = 
© Fions works. a 
„ Who can comprehend the 3 uni- 
verse? or number the stars of heaven? 
Amidst them thou bast provided a aveling 
bor man, that he might praise thy name. 
The sun shineth, and. is very benen, and 
we rejoice in the light thereof. 
„ We admire its brightness, and perceive its 
greatness; and our h regiakes, in ana 
with IK...” 
2 Many CG. are oo by it. LE its 
Slory is great. By its influence the earth is clothed 
with plenty, and the babitation of man ed 
| - exceeding. beautiful. 1 
„ e what is this * thy e ? is it not 
as a point, and as PING in the firmament of 
heaven? i 
6 What then i is main, "aha ing art . of 
bim, or the son of man, that thou visitest him ? _ 
TW Thy power is circumscribed by no - bounds, 
| both great and small are alike unto thee, 
vi From the sun in the firmament of heaven, o 


: > 
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the sand on the sea- shore, all 1s | the operation of 
thy hand. 

From the cherubim and ceraphin which 
stand before thee, to the worm in the bowels of 
the earth, all living creatures receive of thee what 
is good and expedient for them.“ at 

Praise then the Lord, O my soul, Praise his 
name for ever and ever. 


„See « Hyrtin to the W Being, 5 in Imitation of the 
Eastern Songs.” London, 1780. | | 


©... INTRODUCTION 


PRACTICAL ASTRONOMY: 


1 — — Wh. 

Tuxnx i is no part of mathematical science more 
truly calculated to interest and surprize mankind, 
wdiuan the measurement of the relative positions and 

| distances of inaccessible objects. 
=. To determine the distance of a ship seen on a 
5 remote spot of the unvaried face of the ocean, to 
ascertain the height- of the clouds and meteors 
which float in the invisible fluid above our heads, 
or to shew with certainty the dimensions of the 
sun, and other bodies, in the heavens, are among 
dtꝛte numerous problems which to the vulgar ap- 
per beyond the reach of human art, but which 
| are nevertheless truly resolved by the incontro- 
5 vertible principles of the mathematics. | 
Trͤhrhhuhese principles, simple in themselves, and easy 
o be understood, are applied to the construction 
. * of instruments; and che following | 


* 
c 


| PRACTICAL ASTRONOMY. - 447 


pages contain an account al their use in the gug- 
drant and the equatorial. | 
Tbe position of any object, with es to a 
spectator, can be considered in no more than two 
ways; namely, as to its distance, or the length of 
a line supposed to be drawn from the eye to the 
object; and as to its direction, or the situation f 
that line with respect to any other lines of direc- 
tion; or, in other words, whether it lies to the 
right or left, above or below those lines. r 
first of these two modes bears relation to a line 
absolutely considered, and the second to an angle. 
It-is evident that the distance can be directly come 
at by no other means than by measuring it, or 
1 applying some NOWN measure along 
the line in question; and therefore, that in many 


cases the distance cannot be directly found; but 


the position of the line, or the angle it ſorms, with 
some other assumed line, may be readily ascer- 
tained, provided this last line do likewise termi- 
nate in the eye of the spectator. Now the whole 
artifice in measuring inaccessible distances consists 
in finding their lengths, from the consideration of 
angles, observed about some other line, whose 
length can be submitted to actual mensuration. 
How this is done, I shall proceed to shew. 

Every one knows the form of a common pair of 
compasses. If the legs of this instrument were 
mathematical lines, they would form an angle 
greater or less, in proportion to the space the 
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** 
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| 448 . ivrnopverro To 


| points bund have passed aan in their gpening: 
| Suppose an arc of a circle to be placed in such a 
manner, as to be passed over by these points, then 


the angles will be in proportion to the parts of the 


arc passed over; and if the whole circle be di- 
vided into any number of equal parts, as for ex- 
ample 360, the number of these comprehended 
between the points of the compasses will denote 
the magnitude of the angle. This is sufficiently 
clear; but there is another circumstance which 
beginners are not always sufficiently aware of, and 
which therefore requires to be well attended to: 
it is, chat the ene will be neither enlarged nor 
diminished by any ch 
1 legs, provided their position remains unaltered ; 


because it is the inclination of the legs, (and not 


| their length) or the space between them, which 
constitutes the angle. Vo that if a pair of com- 
5 passes, with very long legs, were opened to the 


same angle as another smaller pair, the intervals 


between their respective points would be very dif- 
ferent, but the number of degrees on the cireles, 


d upposed to be applied to each, would be equal, be- 


cause the degrees themselves on the smaller circle 


would be exactly proportioned. to the shortness of 


the legs. This property renders the admeasure- 
ment of angles very easy, because the diameter of 
_-- the measuring circle may be varied at ne as 


ee K k 


nge in the length of the 


construction and graduation amount to more con- 


5 notice the Feuer e or” the my 


whose sides are right lines. 


lines or angles whose actual admeasurement is diff: 
ficult or impracticable. - These mathematicians 9 


bd Sbether wg line more easy than the comparison 
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In practice, however, the magolinde of instru- 


ments is limited on each side. If they are made | . 


very large, they are difficult to manage; and their 
weight, bearing a high proportion to their strength, 
renders them liable to change their figure, by 
bending, when their position is altered: but, on 
the contrary, if they are very small, the errors f 


siderable ee ek the OR on ehes NE of e. 
instrument. 6 56119856 ee 00 en 
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> Beſhred we proceed any further, 1 shall aligkity 


we are going to use. FULT PEE 1 | | 18 
Plane trigonometry is the art of cathy and 
computing the sides of plane e or bo meſs 


In most cases of practice, it is webe to hilt 


teach us to discover by the relation they bear to 

other given wur, or e and W methods LY 1 
calculation.” | | f 
Piudine his ane of one bt ba with 


of a night line with a' curve; they measure the 9 
8 the angles not Se the are um | 
; RR, ange is F F ri But ko | Ea” £7558 
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3 on the angular point, bur by 
certain lines described about that point. 
Af any; three parts of a triangle are Ein the 
remaining unknown parts may be ſound dither 5 
Construction or by calculation. 
Af two angles of a triangle are ie in e 
and minutes, the third is ſound by subtracting 
7 their sum from 180 degrees; but if the triangle 
N be right angled, either angle in eee taken 
| K 90 degrees, gives the other angle. 
Before the required side of a triangle can be 


bound by calculation, Its « opposite = must be 


* * j 4 2 8 EE mY 15 33 #41 1 5 # 1 70 5 


given or found. 


he required par een the last 


ol four, proportional, written in order one under 


the other, whereof the three LG are given 
aan, 269011 . 4% 8 As 95 N 1 

4 Against the three first bikes; of bs proportion, 
| "arc to be written'the COrrespo1 ading 
| from tables; whjeh: ous: been eertneted to _ 
tate caleulation- 8 8 eos hls 10 b 


These tables are called . 1 are "ou 


0 contrived, that, multiplication is pert rmed wy 4 addi- 
1 Hon, and divinon by eubtraction., £911 1-547 y 
If the value, then, of the first term WE; your © 


5 ; | portion be taken from the sum of the second and 


c | Third, you. obtain the value of the fourth, or quan- 
__ _ tity required because the addition and subtrac- 
tion of. logarithms eorrespon 


numbers taken 


with the oleh. 


OT cation and diyision of -natural numbers. 
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To avoid even the subtraction of the first term, 
when radius is not one of, the proportionals, some 


chuse to addithe arithmetical complement. 

I nud the; arithmetical: complement of a logas 
rithms begin late the left hand, and write down 
what each figure wants of g, and what the last 


figure wants of 10. The number thus found is to 


be added to the second and third values; the sum, 
rejecting the borrowed; index, is the tabular 
number expressing the quantity required: thus 
the arithmetfcal Tee of 2 96556 is 
7.086 0 0. 98.0 |, 8d 


To find, the We of 4 given 1 Here 


you must remember that dhe integral parti of a lo- 


5 garithm is called ity indbr, because it deviotes the 
number of figures in the natüral number afswer- 
ing to the logarithm. "The decimal part of every 


een belongs equally, to a wh hole number, 7.2 


mixed number, or a decimal number; ; that is, 3 


A 


are expressell by the same figures, in the $ same or- 


er, but the. index varies. according to the: value of 


4 17 


5 the. NN ene . The index of : a logarithyy 3 is al- 


Jann 


2 A1 wal 4 
ways af unit, le than the.pumber' of ory i 4 
injeger T, NI number, 9 of which 1 it 1s the logarith m. 


31108 if * 


.: Hence, tg followng, general rule for 18 Fa a 


the de 


i 13S 4 0 ©} 


Seri 4 write that figure, « or "figures, wh ich. ex- 


TLIC) 132571 


pressgs .the di lictance from unity, of the 6 


Pick digit in the "GR nene <ckoning the 
| inn 


een 


2 


a N To the left of. the Jo- | 


1 ' 


7 | 


_ 


2 , ry A 
+ — =_ . 
NE CH OS SI LS 


—— — 


* 


— 
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, unit's place 0, che next wn . the next t to that 

-- 23 ꝗhe next to that; 3, K. | 
I By attending to the following SSR it will 
be easy for you to find the logarithm of a given 


8 number, and on number corresponding to a _ 


logarithm- ws . 83 PER 102 2 1 MH, ne | 1 I 
98 Thus let * number be 7854. * 1 


ow: the decimal bart 1 the e next . 
Z lee . 
je 3 y 33! == | 
— 94 cones _ 45: 
; . 2.895091 
el 7845 001 1.8051 
54: --9:7854., | ; esc þii Taser 50 
5 —_— als IN Nac. 135 15 AFB). 
; * 4 pooh 1 aun 
Tables 0 ri bms are ; also ee for 
y it's il 


ines, 1 0 0 ER "of an arc: these are to be 


„ 


taken out from che tables, according to 1 re — 


. 


| _pective va ag 
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- Spherical trigonemetry i is the science of - a: 


"ps the triangles formed on the surface of a 


globe, by three arches of great circles: the smaller 


© circles of a sphere are not noticed in the calcula- 
tions 0! of 5pherical trigor Retry. This science is 
too intricate to be any way explained 1 in this Essay; 


2 


Ae we. must erefore content ourselves with only 
; giving the > proportions 4 to an in 


3 *- 8 
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E lvl dei As to is divided into 
360 equal parts or degrees, it is evident that 90 
degrees, or one-fourth part of a circle, will be 
sufficient to measute all angles formed between a 
line perpendicular to the horizon, and other lines 
which are not directed to points below the level. 
Plate 14, fg. I, is a drawing of a very simple and 
'  _ useful instrument of this kind. AB C is a qua- 
drant mounted upon an axis and pedestal: by 
means of the axis, it may be immediately placed 
in any vertical position, and the pedestal being 
moveable in the axis of the circle E F, serves to 
place it in the direction of any azimuth, or to- 
wards. any point of the compass. The limb, A B, 
is divided into degrees and halves, numbered from 
A; and upon the radius, B C, are fixed two sights, 
of which B is perforated with a small hole, and is 
| provided. with a dark glass to defend the eye ſrom 
the sun's light; and the other sight Z bas a larger 
bole furnished with cross wires, and also a smaller 
VPhich is of use to take the sun's altitude by the 
Projection of the bright image: of that luminary 
upon the opposite sight. From the center, C, 
hangs a plumb - line, CP. The horizontal circle | 
F E is divided into four quadrants of 90 degrees; TH 
and an arm E, connected with the pedestal, moves 
alon g the limb, and consequently shews the posi- 


S \ 


be more minutely explai 


5 This: QUADRANT, 


tion of hs alas of the quadrant, as will hereafter 
ined, Lastly, the screws 

G, H. . render it very easy to set the whole in- 
strument steadily and accurately in its proper po- 
sition, natuithstanding' any eue in the 
table or stand it may be placed upong- 
The rationale of chis instrument Nasse clear 
a; obyious.;:;[t;is-n8ed to measure the angular 
distance of any body, or appearance, either from 
the zenith or point immediately above our heads, 
or ſrom the horizon or level. The plumb- line 
CP, if cantinued upwards from C, would be di- 
rected. to the zenith L; and the line CL, sup- 
osed to be drawn from the center of the qua- 
drant to an object L, will form an angle L CZ, 
. which: is the zenith distance, and is equal to the 
angle BCP, formed between the opposite parts of 
the same lines. We see, therefore,” that the de- 
grees on the; are, comprehended on the limb of 
the quadrant, between the plumb- line and the 
extremities next eee the angle of 
agi dieter, wito t Lan git anus od; 
| Again, the line CK, forming à right angle with 
he perpendicular CZ, is level or horizontal the 
angle LC K must therefore be the-altitade. or 
_/ elevation: of. L above the horizon; and this last 
angle must be equal to. tlie angle measured be- 
tuen the plumb- line and the end A fürthest from 
the eyes 


r 


ws6 bath these are qua to the 
5 e which would: eg the 
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zenith distance from a ek angle)" "or the whole 
N | do ich tba 
The determination of ie altitude or zenith dis- 
tance of an object i is not sufficient to ascertain its 
place, because the objet may be placed in Wy 
direction with respect to azimuth, or the points 
the compass, without increase or diminution of — 
altitude. Hence it is, that an horizontal eradu⸗ 
ated circle is a necessary addition to a qui 
which is not intended to be always usetl in tie 
same plate. The bearing or position of an object 
relative to the cardinal points, together with the 
altitude, 4s sufficient to ascertain the place of amy 
| IR pb no 
After this short acc unt of the general princi- 
ples of the quadrant, I shall proceed to ewe _ 
0 the erz, eee Oy bn it. 4 2103.0) 
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- vation. | | 3 
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* The Ales is bond for observation v 


its plane continues perpendicular to te bor 
in all positions of the line bf sgt. Tb effect : 


this, britig' the index to 90“ on the botizontal | 
circle, and turn one or both of the screws which 
are fixed opposite 60?, till the plumb-line lightly 
touches the plane of the quadrant; then turn the 


index to'0?, and make the same adjustment by | 


7 * 145 22 5 * 44 . 4 
* 004 8 on n 4 - 
non. * F 4 PEO! . + < 0 242 | 


\ 


. 
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: aun, 
means 1 the screw at 055 and the. quadran is 
ready for observation. . 
Or otherwise; set the iner at oe, >, 1 
the. degree. marked by, the plumb-line on the 
_ licab; chen turn the index to the other O, which 
is diametrically opposite, and observe the degree 
marked by the plumb · line: if it be the same as 
before, there will be no occasion to alter the 
- gerews. at G0'; but if otherwise, one or both of 
those screws must be turned, till the plumb - line 
inter rsects the middle degree, or part, between the 
two. Aſter this ope ation, the degree marked by 
| the. plumb- line must be obgeryed, as before, by 
setting the index at both the 90˙ and the. adjust- 
ment of the plumb- line to the middle distance 
must be made by the Serew at o. taki IS care "ot 
to touch the other screws ¾ñ 1 
The latter method of 8 being. 's more 
accurate in practice, may, b be used after the former. 
11 larger or more expensive instruments have 
| apparatus for setting the axis of motion at right 
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angles ta the planes of the horizontal circle, and 


. quadrant, the line of sight or col 


ollimation . 
to the radius passing through 05 + KG. enn 
3 gmall en bi A are ade - 
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ago? Ons nnen 1723 
PnoBLRN. 11. 7 fol the diorance F an object l 

on the earth by uhoerwations made from 1100 | Stations 
on the canie level. al Pere, Ot egen , 


„ Onangy, n Choose two stations, be- 
tween which the ground is level, and place a'visi- 
ble mark on each. The distance between them 
ought not to be less than the seventh or eighth 

part of the estimated distance of the objects, and 
neither station ought to be considerably nearer the | 
9hjeect than the other. Measure the distance. be- 
tween the stations, by means of measuring poles, 

a chain, or a piece of stretched cord. From one 

station direct the quadrant to the object, by look- 
ing through the hole in one sight and moving the 
8 upright axis about, till the object is seen through 
the hole in the other exactly at the intersection of 
the eross wires. Obser ze the degrees and parts 
sbhewn by the index on the horizontal circle, then 
direct the quadrant in the same manner. to the 
mark of the other station,; and observe the degrees 
| and. parts sbewn by the index. The number of 
| degrees. and parts intercepted between this. and; 5 
the former, e of the index. i ls, anne, b 
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at the Second. station will | give 1 05 wage 4 e 
station. ; 
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Solution of the "problem" by proti 
scale of equal parts, lay dow a right Tine to re- 


to chose actually obs 
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_ PROBLEMS. 


© Thus, let F, plate 15, „. 1, be the object, 
A, B, the twoistations 880 feet distant from each 


other; the angle de at A found to be 83" 


45% that observed at B 85". 15˙ 1 bf EE IF 31.1 4 5 g 
... Solution... Toke. the sum of. the two 3% 


| mites from. 180*, and the“ remainder will be the 
5 angle under which the two station marks would 

be seen from the'6bject:” Let F. be the 6bject, A 
and B the two stations, the angle at A found by 


observation to be 8345“, that at B 88 15˙, the 
sum of these two angles is 169˙ which _ Apo 


1805, ges 1 1* for the value of ungle F. 
Then as the sine puſs, "ok act mona? 16d; 


at che obheet * 0 o asosgss 
Is to the ade of angle ft Aer ge dee 


one station K ens _ * gggr4ino 
80 is the ties aB be. FLEE 8855 1D Holt 
_ © tween the stations "880" ae, 
T0 the distance of the b ee de en gi. 


af noo 755 —.— the other oa! «x 
Station 45 ws foe 3 8612949 
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ent che measured base: By means of the pro- 


tractor, or by the line of chords, draw'a line from 


each extremity of che base, forming angles equal 
d; "continie these e 
tin 88885 interseet. 1 FU thts f 15 "03% 12 i” Cs 97 . 


E 


Arme 4a breit detueen the point 'of Wtessbelibn 
5 at one extremity of the base beitig taken between 


the compasses, and applied to the line of equal 


| parts, will shéw the distance between the ONS. 


and the station represented by that extremity. 
This problem may, in cases of small distance, 
be conveniently applied to a base line measured 


wirhim a room, and the observation taken of at at 
the windows. If Fs wing 91 n 
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ROBLEM 5000 . To 755 the hight 1 72 2e 
mpuntain, 0 or any other f elevation. , HIT". 


Cist 1. When the distance, DE, ny 15; 


fig. 2, of the point F jorge! e gt the 


object can be measuted* Neat his 909 4 
Observèe the angle of altitude eb with 5 


f | quadrant, by viewing the suthmit through the 


sights, and noting the degrees and parts indicated 


by the intersection of the plumb'line; measure 


also the horizontal” distance; Tet the cy o E 


Fas. $ of 
* "2X W TIL 0 8 5 1135 MLS 3s tlg 48 * Nl 


lo us height rer 1000 9912 inen | 


a: ned 5 OE too SALTS 


* A the point cannot debe taken from the 


ground, you x | ano add the height of the * at the © oben 


| i. the height fund 
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be 4% 30, the une D 100 fect. a wn 5 70 
| TWO as riding een, 03 er of ad des 
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ao N PROBLEMS. 


Or by construction. Draw a FRG line equal 
9 the meazured ba, poten none; of nnd 


red a: adi we; *¹ one . and 
| Gra the. other; draw. a line inclined towards the 
perpendicular, . and forming an angle with the 
base equal to the observed angle. 

I !be interval between the deres of this 
; 1e and the perpendicular, and the lower ex- | 
tremity of the perpendicular itself, being taken in 
the compasses, and applied to the line wit equal 
parts, will, shew the height required. Et 

Case 2. When the distance of ** point A 
= eee the- eee be 1 

sured. 
Find the inane by Prob, , and the beight by 
Case 1; of this problem. 

. Or, otherwise, measure a 88 D c, . 
15, fg. 3, directly towards the object, and take 
the altitude from each end of the base. 

Let DC, the base, be. 100 feet, the os ob- 
served at C 32e, the angle at D 58; subtract the 
lesser altitude from the. greater, _ the fie | 
is the angle. B A. 
Then as the sine of this ifference 26. 9 18420 
Is to the sine of the lesser altitude 32? 9.724209 7 | 


80 is the base line 1ooobw 7 2.000000 
To the direct distance e, the r 
bummit and nearer end of nne 3 


= Une n gere | age 08 Io "00838677 
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r TO Tos 17 1 
As radius or angle A 90 - »- 10 $64 
Is to the sine of 8 greater dude e 
48%: 7 . 9. eee | 
80 is the divance last found "SHOTS 
To the height roqied 102.51 1 ee | 2 0107623 


An 


Or wy construction. Set * is base eie 4nd ; 


e its extremities draw lines inclined to the 


base in the respective angles observed, but in such 
a manner, as that the less angle may be formed by 


the base itself, and the — _ _ hot 
tion of the base. 4 l 
These lines will inters etc. 


From the point of intersection, oe all a a per- 


— on the prolon ne of _ _ and 
it will give the height required. (19 Arie 
The first method of solving 0 case is in ge- 


bd the hest in practice. It is for the most part 


much more easy to find a base sufficiently long 
and level between two stations, nearly equi-distant 
from the eminence, as the first requires, than in a 
direction towards it, because the ground usually 
_ rigesirregularly towards mountains. And in the 


latter case also, if the difference between the two 


altitudes be not very. considerable, the result will 
: ad eee eee eee 


* . = * " p a2 ; 
| I $4 GG pH HOT RSS ½ t.õ , mfÿ( 453+ 7275 
OR K $8; 22 „ ö of 433 NSA F RICA As _"_ * 
; 5 * . 
_ 2 2 * * = 


rr 2a _ 


dthors 


46% ö PROBLEMS. | 


a +4 * 
; ; fo 
WW.” 


PROBLEM TV. - To — eld wo 4 ble line 
nee within the Nein. t 16 2012 ad) 01 
err. 7 . AA 


det up e 2 the, aac Aa feld, and mea- 


nin the field in such a direction, as that 


| it. may be-Set as, fan as possible from wanting to- 
- wards any of the angles. 


bPirect the sights from one a 0 8 base to 


cache of the angles succeszively, and also to the 
mity of the base, carefully noting tbe 


= : degrees aud pars $ of the horizontal ebe marked 


eee Repeat the like operati 


I other end of the base line. WG: 3 


Construction. Draw: a. faint on. upon paper, 
vpon which set off ſrom a scale of equal parts the 


. measured base. From its extremities draw lines, 
forming the respective angles observed. Tbe in- 
tersections of. those lines will shew the corners or 
% e the eld, and. astheJoiued by right 
| lines. FFC 
; \ This problem being: FR eee than 9 
minatiot of-the position of the angular points with 


respoct to the base line by Prob. ii, will be more 


accurate iu practice, ihe more nearly the condi- 


vions there exp 


d tn nee Na — 


eee eee two or more eue 


lines may be measured, and conneeted together 


by the. Shecrvation of the requisite end or de 


* * 
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thtes 40 * a triangle may be measured in the 
field, acoording to the discretion of the ingenious; 
learner, and the. bearings of the corners: of the field 


taken from such extremities of any of these mea- 


sured lines, as are best adapted to the purpose. 
As this method is far from being laborious, the 
student will do well to measure the field Hire, 
but from a different base each time. 
It txmay be proper. to observe, for the use of * 
as are unacquainted with surveying of land, that 


the English acre is 4840 square yards, and that 


land is most conveniently; measured by the Gun- 
| ter's chain, of 22 yards in length, divided into 


100 links; because the square chain, or 22 multi- | 


is exactly the tenth 
part of an acre. If the plot of a field measuręd 
in chains and links be therefore made upon paper, 


N lied by 22, equal to 484, 


and divided into a number of triangles by drawing 


right lines within it, the base and perpendicular 


of each triangle may be measured from the scale 


of equal parts, and balf their product, will be the 
area of the triangle in square chains; the sum of 


all the areas of the triangles will be the area of the | 
field; which divided by 105 will shew the number 
of acres; the remaining decimal fraction multi- 


plied by 4, gives the roods; and the decimal part 
of this last product e by 40, gives uh 


 perehes, 


In the following extingle' is a more dg n me- 
| thod of — the contents. 


ere 3 n 


. 8 2. * q 1 p Va. 212 
4 LA oe $2.4 „ 
- * . 
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2 Example. Let A BCDBEF; plate 15, Ng. 4, be 
the feld, in which I assumed two stations, P, a, 
at the distance of 10 chains from each other. 

From P, TJ observed the lowing angles: QPA 
to be 217 20˙% AB P, 49% 100; BPC, 57 12 
CPD, 29% 40%; DP E, 64* 25“; E P F, 79* 160. 

From the station G, L observed the following 
1 Pd D, io 40 DC, 1890; CB, 
4 0 BGA, 67% os“. AF is equal to 
AGO added to een —_— 82 99% 3 Fa, 
625 57. e ie 33 

bee, ae as PO as ee d 
divide it into two trapeziums, DC BA, and 


DEFA; then apply the perpendiculars, H B, 


LD, IF, and the diagonals B D/ AE, and the 
side A D; to a scale of equal parts, and you will 
Ae 2 eur hes _— * But it r be 
5 175 che 1 87 as. you vil nid aa 
10. 428, QB 15.198, and the angle AQB 67* 5". 
IG. In the triangle B PQ, you find as 15. 198, 


PI 15. 259, the angle BP 38” 20. 5 


3. Ln che triangle | QPC, we have 7 * 12 404, 
"PB 15.259, angle FE ee , 

9 In the triang le App, we ab ve 
ve reed 

* Tube angles are in in some 8 in e 8 
2 in practice, 
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5. In the triangle Q PE, we have PE 10. 950, 
PD 8.941 angle DP E 64* 25'. 


6. In the triangle PQF, we his P F equal. 


16.820, Q F 14:471, angle PF 30? 18'. 
7. In the triangle E F, PE is 10. 0.950,” oy 
16.820; angle EPF 79* 16. n 
8. In the triangle r ar is 14 471, 4 AQ 
10.428, angle A QF 1377. FT 1 
Now writers on mensuration have E as 
if you add the logarithms of the two sides of a 


triangle and the included angle together, the sum, 


b rejecting radius, will be the logarithm of double 
the area of that triangle. By this method we find; 
1. the double ares x "of A 'AQB to be 145.984 
205 als en fit ji ο pe 143.844 
eee ee HE „BP CY 139.143 
1 e Down D ene 

"A ALE He S463 WiD: D PE — 38.304 
HV a4 c 0 
e eee 
8 


; y „„ ' 
wy " > ay {© 4 
* Lt 4 * 8 \ 
* „„ en AaF [_ 202910 
* - * > x 
= 7 1 . * 1 2 ” 5 4 k 5 * 
! 7 by e . 
3 1 a * E 1 


vie by DE 1020. 155, | 


: 4A * 


ee EL et en e : 510. 077 
5 young pay in trigonometry, | will ind 


the Solution of this problem no contemptible ex- 


ercise; be may like wise, if he has a sufhicient | 
Z degree of. patience. ; and industry, find 8821 line 
| drawn i in the figure. 3 3 | 


— ener =] -v 4 OPT, * 


e é  — — PR nt 
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Pa tine v. "T6 vs mus „ wem the 
\ SHA ud OY . * £3 Lf. "0145 
7 1. 1 55 : "15 OE Eh] BEE ＋ * a " 


"4 Sip marks at each of the 3 oak at every 
one of these marks direot the quadrant to the two 
adjacent marks on each side. The number of de- 


1 grees and parts between the two positions of the 


| Index. on the horizontal circle;;will shew the angle 
at the station where the observation is made. 
Measure che distance to the next station, and ob- 
serve the/ angle here in the same männer. And 
8 thus procetd completely round the mel 6-1 - 
"hk Construction. From che scale ee Parts 
draw u line equal to the first measured side, and 
from its extremities raw two lines, forming 9 1 8 
equal to these adttrally observe. 
+ Make these last Lines equal to the iden they re- 
present, and from their extremities draw two other 
lines at angles respectively found by observation. 
Proceed thus till the whole field is plotted. 
When all the angles of a field are thus measur- 
1 6; their sum, if the operation has been truly 
made, will be equal to twice as many right angles, 
deducting four, as thete are angles | in all, provided 
they be all inward angles. But if any of them be 
: qutward angles, . or 127118 supplements | to 


5 8 the les dbehie e. When the Sum FF 
either * or less | thaw, Sn the figure, it will 


PROBLEMS. CO 


not answer on paper; and as observations made 


with small instruments cannot be expected to be 


free from perceptible errors, it will be expedient 
to correct the angles by adding or subtracting 
such defect or excess to or from all the angles, in 


equal proportions among tnñe. 
This way of measuring is mueb used in pin 


by the measuring wheel and mariner's compass, 
and is applicable to extensive vwordy/ormountain+” | 


ous tracts of land, where great accuracy is not re- 


quired. It may also be used in conjunction with 


other methods, for delineating a sea- cost, & c. 


The following example will sew how you may 


obtain the contents of the field. 


* : 


ub In ee the bed A To ws \ 


be 816 — 2 Aren c BG: Way 605 300 on at 
C the angle A C B. was 397 7, and the angle 


; ACD,389.35' 4 at-Dithe angle E DH was 88 
40, and at E the angle CE A 545 20.3 the side 
AB measured 1940 links, BC 1555, C D 2125, 
DE 2741, and E A 3024. We haye n now to find 


| the! area of the field. N 
Subtract "the angle 'CBG 69? 30 


1 

©, \! 1 

1 
* 


307. 2% We find by trigono 
5 ee aum of the angles E A F. and C AB, 
| | ©. "ol g 2 


proportion to their magnitude, or more deere in 


M, 
and you-have the angle C B.A. 410? -30' ;-to,which - 
il you add dhe angle AC B ag %, and snbtract = 
this sum tom 180, you obtain the angle CAB 
metry A C to he 288 


ö 
| 
= 
= 


= 
* 
A 
. Ws, 
: 
oO 
* 
' 
A \ 
3 
5 
: 6 
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114 


taken om 180?,” gives the angle E AC 98" 24', 


Ih 8ubtract the angle HD 1 from =o, and 

ou get angle E D C 91 . 

Then; by the preceding e e in cs trian- 

gle A B C we obtain from the two ape B, B "Oo; 

"oe the included angle A oy a | 
double ren n Sans eee 26256 8 

1 — EA C, from the ae. e 45; 


AC, A E, and the angle EAW 026140 


In the triangle E D C from the dae 
DE, DC, arb e ere ERS 1 582304) 


Nenn td Ts Lot] er it — — 


7 2 0 
Fr A 1 
ER „ ˙ em ˙ SIE T TERED 8 1 
* * FA © 3 — N z HTS E & 4 1 I e 7 75 1 4 x 3 7 4 * * . rad £5 wt . 2 
_- * p f a4 - . 


fs od Wai hen ehe „Aren 60 56925 

: at 66 acres, 1 bod, 19 [0 cool 
eee 1 Wee 

"Ie tee be 

ner's compass, they must have been arranged i in a 
traverse table similar to plane sailing in e 
and the Lontent amn eee shewn 


i EF: . 4 1 


Post ail 66 1 the EY and 1 1 
by” fre-balls, and other meteors, 5 in the atmorphere. 


Though the Wa ealoeity" and transient na- 
— of fiery meteors in the atmosphere, in a great 
measure prevents the making of such observations 
as might tend to ascertain their distance, yet they 
en a a of e 50 W and interest- 


— 


n 8 ah a mari- 
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ing, as renders 10 as can be ated great value. 
An observer, who perceives an appearance of this 


| kind, ought carefully to note the buildings, trees, 


stars, &c. near which it passes ; and, as- soon af- 
terwards as convenient, take their altitude and 
_ bearings, If two such, observations be taken by 
persons at different places, sufficiently distant 
from each other, the distance on the earth may be 


considered as the base, and from this and the two 


observed angles the height of ho. meteor em be 
found by Problem ii. 

Buy observations of this kind i it bas bn wind: 

that the larger fire-balls are elevated about 60 
miles above the earth's surface, and that some " 
pads are near 5 miles i in eee f 


* 


PROBLEM VI. "Ts fu the . high Sos On. 
by ol observation 7 a ark . e 


. the altitude! of that part of a d from | 
| aneh a flash of lightning bas issued, be imme- 
diately taken with the quadrant, and the numdet 


of seconds of time elapsed between the instant ot 


5 the flash, and the first arrival of the thunder, be 


— 


reckoned, these data will be sufficient to determine 
_ the height of the thunder- cloud. For sound s | 


admitted to pass through 1142 feet in a second; 
but light has such an extreme veloci ty, that it 
bene —_ n thousand miles i in a. be. 


1 Edo re * 8 \ . 1 
TOS 2 D 2 G 8 Mer 4 aro he WT 2" * 
: 5 ” 
, * . 
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- cond; and may therefore be eee 
ous in all observations upon the earth. Hence it 
follows, that the number of seconds observed, 
multiplied by 1142, will n _ vi bee a a4 
| un in feet; _—_ ST | 
As tuddiuns 0 = Wit 
Is to the aer en ee angle; „ 
; 80 is the distance WM We eloud 
1 its height: © "rh ing 7. mt EY 
Example. Suppe 6 his ans of Aube CAB, 


a” alot 15, fg. 6, from which a flash of Ughtaing 


issued, Was 53 8, and that between the flash and 
the report of the thunder 5 seconds were counted; 
then 1142 feet multiplied by's 5 ee 57 yres for 


the distance of the cloud. ' | (4; 
And as radius or sine of 90 10. 0000000 
. Þ to the sine of the rer ang f 85 
gle 53 8. TJ ELK | 9903 7084 


| $i is the dixtance of the cloud 571 10 3. 7560361 


11 Neu WE £4.54 4 a 2 


1 . 
4 % e ; — . w 
7 11 AN iin 


To; its beigbt 456g fort... N * 6597445 
Or by « construction. „Front a en in any right 


> line, draw another right line; forming the observed 


- angle. Set off on this left line; from the angular 


point, the distance of the clbüd, taken from à scale 
of equal ports. From tHe Extreme of the last. 
mentioned Tine let fall a perpendicular on the other 
line; and ee we the heigbt re. 


rd eehte Doaetrads: Dv win! tete; Sees 
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If che flash of bghtning strike directly down, 
the beight of the cloud will also be the length of 
the aer. But this is not often the case. 


2 Pr Wt 1 Dr 9 N #4 2 * 7 5 3 * bl N 1 
1 FF l FO EY ; #3. "3413 -£24 
: . 


- PROBLEM VIII. Ty 0 determine the height of « a 
Hong by obervations « on its altitude and velocity. 


4 When the mk at wk ö . 
moving with considerable velocity, it is easy to de- 
termine the degree of swiftness, by observing the 
progress of their shadows which pass along the 
ground. For this purpose nothing more is\neces- 
sary, than to note the instants of time when one 


of these shadows passes over two objects, such a8 | 


hedges, trees, &c. lying in its direction; and to 
measure the interval passed over during the inter- 
mediate time. When this velocity is thus found, 

place the plane of the quadrant in the direction of 
the wind, and setting the sights to eee 
altitude, to og written down; take notice of some 


remarkable edge of a cloud, which passes across 


the wire in the aperture of the farthest sight, giv- 
ing g notice at the same instant to an assistant ta 


note the time Then move the quadrant on us 


axis twenty or thirty degrees, and give the like 


notice to the assistant when the same part of the | 


eloud passes the wire; write down this last alti- 


tude; The perpendicular; height of the cloud will 
be found: "_ nee, „ 


* 


— 
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4 As the. 8 of seconds observed when the 

sbadow of the former cloud was seen on the 

ground e 

| Is to the number of "GE ae e hs 
two observations with the quadrant; 

So is the distance measured on the ground : 

To the distance passed through by the cloud 


:"(whows altitude was Tn eng the time of 
observation. . e W | 


OBE 9 1 
3 te eee * 
As the e the difference between the 00 al 


Is to . eat 5 . 0 3 9 


So is the distance passed over he the N 


To'i its distance from the My when e great: . 
"IF altitude was ND 


eee, FFF. 
Is to the sine OS the 3 due, in 3 


80 is the distance last found. e e F M431: 
: Do the perpendicular height if thet cloud. 
5 5 Erample. The shadow of a cloud Was vr 

to pass over 1230 yards i in 50 seconds; its altitude 
at that instant was 41 degrees; three minutes af- 
ter, 1 its altitude Was If. degrees 998 e 2 t0 
"Po its height. l # 9d aii 8 
No the spaces described le Taos”, moving 
"ith qual Mrs 2 as the. ger ao degerip- 
- flon ; therefor bY rule, as 5 


2110 
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int to bestand en ie" 1230 yards to 4428 


yards, the distance passed over r by the shadow A. 
ing the observation. 


But the progressive motion of che ade from N 
B to C, plate 15, fig. 7, during the elapsed time 5 


between the observations, is the. same as if the ob- 
- gerver had moved in the same time from B to- 
| wards A; or the effect would be exactly the same 
if an observer at A took the less altitude, while 
another at B took the greater altitude at the same 
instant. Hence the second part of the rule is 


evident; for A DE is the complement of the less | 


angle, and B DE that of the greater. The dif- 


ference of these complements is equal to the angle 


ADB; but the difference of the complements 

must be equal to the difference of the n 

therefore, by the second part of the Dies ni 

As the sine A DB of the difference 
between the two altitudes 207 38. 9.690724 


. 


| Is to the sine of the less altitude _ 
ODA BSE = nth ie 9.303979 
So is the distance AB passed over 85 „ Ho RR 
me cloud 4428, yards . 3:6462076 | 
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To its nance at. tha tings T's Qt 8 200. BHS 
| altitude BD, 1817.2 de. 3.2594042 


hs PE 3 2 "I 2 3 Ro * ; i : <2” 7 
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as, by the last part of the\rule, see like - 
wish the 11. to. Problem viii. eee ee 


As radius sine of 90 aol 1 5 * 


Is to sine of greater altitude 4 y 9. 6169429 


So is the distance BDP 1817.2 ae, 3 2504049 


T0 che perpendicular beg E 11 Dt 


can . ee Sorbens 
f 7 * 
L901 200 e 
1 57-58 90; kind n 9744 a nt 30016 


| PRINCIPLES AND. [PROBLEMS, PREPARATORY TO 
_, PHE APPLICATION OE, c To 
: \ PRACTICAL ASTRONOMY, AC: eg 


Buy practical astronomy, is under. 
; ledge of observing the celestiat bodies, with res- 
/ peet to their position and time of che year, and of 

dedueing from these ervations certain eonelu- 
sions, useful in calculating the time when any 


n e Fa 500 1 57 cke shall N 


wu. 17 Wy. 1112 30 CF! 
a 1372500 . 11 15 1 Eats e 7 Ci 
* tt 
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1 The latitude of any place is equal to the eleva- 
E tion of the pole of the equator above that place. 
Tube distance between the zenith and the hori- 


* 
bas 8 bY 7 


the know- 


Lon, and that between the pole, is equal, for each 


of them are 90 degrees. If, therefore, we take 
away the distance of the etfith" from the pole, 
Which is common to both,” the remainder, that is, 


che elevation of the pole, or Jati tas of the > nt 


4 
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5 equal to the distance from the - zenith to the 
equator. ' r : #1010398 A499 
The distance 8 hs anti to the pole is 
equal wks: pee eee . tis latituds to © 90. de- 
| groe. Sr ona exit, 
The aher of the dur to 8 bestzbüt 
is also equal to _ e ee off og * Jafliode to 


90 degrees.* © I ; * 
All those stars {bak are not PANE from the 
pole than the latitude, are called circumpolar stars. 
Ihk ebe greatest and least altitudes of a circum- 
polar star be determined by pe N bg the | 
sum gives you the lauimde of the place. 
0 The e of the meridian: duet ef. Ts 


"oY 5 


* In plate 3, #8. 3, P 3 the pole, EQ the equator, 
H O the horizon, P H the elevation of the pole, Z the zenith. 
HZO, or the visible part of the heavens, contains twice 90, 
or 180 degrees; it being go degrees from Z to H, and 90 degrees 
from Z to O: but it is also 90 from the pole P to E the equator. 
If you take away P E, there remain 90 degrees for the other two 
arcs.” In other words, the elevation of the pole and the elevation : 
of the equator are together equal to 90 degrees; ige. in techniedl 
terms, the elevation of the pole is the complement c of the eleva- 1 
tion of the equator to 90 degrees. Hence one being known and | 
subtracted from 90, gives E Mn 
Henbe 4186 it is clear, that the elevation of the* equator is 10 
45 equal to the distance of the pole from the zenith; both * 
| equal to the distance of the pole from 90 degrees. | 
14118 alsq the distance of the equator from the zeni bj. qui} 
Fee of the Pole, or latitude. of the lace; HZ js 
. to 90, and PE Ii is equal” fo 00: tate away Þ 2 b . 
to both, and the remainders, PH, ZE; must * # Darn 
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- St is pits zenith. distance; and this is called north 
or south, according as the star is yonth or south 
at the time of observation. 

The latitude of a place is cid to a $tar's meri- 
3 zenith distance added to the declination, if 
D passes between the zenith and the equa- 

In all other cases, the latitude is the diffe- 
rence between the meren wn di 
the deelination of the star. 

The greatest declination of - the sun, is "AAR 
tothe inclination of the ecliptic to the equator. 
The inclination of the equator to the ecliptic 
is . to half the difference between the sun's 
meridian altitudes. on Me] TOs and, shortest 
| Fg 55 | | 

The aide of he Toa of 

aà Star being Eb 10 Dy ws et. wo the 


9 5 4? 
star. „ 


: * 7 
. Sa ; ; ' $1 ” 
8 0 — 


"hes . 


| = a0 1. When. hs latitada of the las: and. zenith 
2 distance are of different kinds, that is, one north 
and the other south, their difference is the decli- 
nation; but it is of the same name with the lati- 
| tude, when that is the greater of the, twoz .other- 
| nee it is of the contrary kink: os 
2. When the latitude and ae ene el 
the same kind, that! is, both north or both south, 
their cm is the apo and it is of t the same 
as with the ne dds Sf eee 


{3 Sys 


$s 


1 
$ 


Fo 6 


0 CELESTIAL LONGITUDE, LATYEODE, Kc. 
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11 has been already observed, chat in order to 
measure and estimate the motion of the sun and 


stars, it was necessary to fix on some point in the 


beavens, to which their motions might be referred 
The vernal -equinoctial point is that point from 
which astronomers reckon what is called 'ongitude 
in the celestial sphere. The ecliptic is divided 


into twelve signs, of 30 degrees each, with whose 


by names and characters you are acquainted. As- 


en, from west to east. ee ee 
Celestial longitude is, We the Ster of 
ee on the eeliptio contained between the 
first point of Aries and any celestial object, or be- 
tween the first point of Aries and à circle passing 
* through! the object perpendicular to the ecliptic. 
Thus if YC, Plate 15, fig. 8, represents the eclip- 
tic, and the first point of Aries, and any star 
be at S on the ecliptic, or at s' on a circle po 
perpendicular to the ecliptic, then will bes arch | 
| T S be the longitude of the stars s, 8. 
Tie latitude of a celestial object is its en 
| Sinks the ecliptie, reckoned on a cirele perpengi- 
_ cularithereto. Thus a star at 8, plate 15, fg. 8, 


will have for latitude the arc S g; but placed at 8 


on the ecliptic, it will have no latitude. 
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As the diurnal motion 1s in the direction of the 


equator, astronomers,, to facilitate both observation 
and calculation, ſound it necessary to determine 
ihe situation of cglestial; bodies with respect to 
_ this cirele, which is effected by determining their 
rigbt ascension and declination. Right ascension 


aid. decligstion are, with respeot to the equator, 


ood longitude and latitude are;iwith respect to 
che ecliptio. bus if N represent the equator, 
* V the first point of Aries; then will Y E be 
che right ascension of a star situated at E on the 
equator, or at e in a circle e E perpendicular 
thereto: the star at E will have n e, 
but that at e is measured by the are e EH. 0 
30 10 rnit: 5110 ene 274) e ral 
00 OF debts Gerry,” pond 5 
JCCCCCCVCCCCFCCCCCCCCC Dian eoltf lo 16ng. 3: 
10 fix: your abtentign-ich greater . to 
the objets of research, it may be proper to ob- 
serve, that as practical astronomy consists in de- 
termining the position of celestial objects for a 
given instant, it may be reduced to three things: 


4518" Ahe ec . the he phe | 
ecliptic. 3 nome od to <butan gr 


Eo nd 
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OF TR -onmravipy: OP THE ECLIPTIC. 


3+ 


The obliquity 5 he eee a yery;lanportagh 
clams of astronomy, because it enters into the 
calculation of all spheric triangles where the . 


tio and equator are concerned. 


The obliquity of the ecliptic being equal to the 
sun's greatest declination, | i. e. when in the tro- 


pics, the obliquity may be ascertained by observ- 


ing the meridian, height of the sun's center on one 


of the solstitial days; and this quantity taken from 


the height of the equator, at the place of obser- 


vation, gives the declination af the tropic. Or, 
more accurately, observe the sun's meridian. alti- 


tude in each, tropic: this will give their distance, 
half of which is the distance of each tropic from 
the equator, that is, the obliquity of the ecliptic, 


From good observations, mage. in ne W 


Ay was RANA to be 235 28, 9 L ie 
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"of x nr Mrasung or iur. 'T Of 


All as biete Sad on, or 


have a reference to time. To measure this with 


accuracy, is one of the NY: objects: of an 


astronomer. "a 6 
As the diurnal. 8 of 4 a is. 8 


. to be uniform, they have taken this for the mea- 
sure of time, comparing it with the sun. Astro- 
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480 or THE . OF TIME. 
. nomers 'consider noon. as | the beginning of the 
-diurnal- revolution; or, in other words, an astrono- 
mnical day commences at the instant the center of 
the sun is in the plane of our meridian, and finishes 
+ Wen i it bas nen ne after one entire re- 
| The wa * II bberswte entire 
bours later than the civi day of the same denomi- 
» ey and is counted up to twenty-four hours, 
or the succeeding noon, when the next day be- 
gims. Thus the day of the month, and the hour 
of the day, are the same in this method as in the 
civil account at noon, and from noon till mid- 
night: but from! midnight till; noon they differ; 
for in the civil account a fresh day begins at mid- 
night, and the hours also begin again, but in the 
: astronomical method the day is still continued 
beyor idnight: Hence five o'clock in the 
morning of Are Ge 10th, is called * astrono- 
"nee April, . pa 
As the earth revolves Wen on its axis, 6 it 


© , + had no real annual motion, and consequently the 
sun no apparent annual motion, or if this motion 


was uniform, the days would be all necessarily of 
one length; and that would be about 23 hours 56 
minutes, ſor in that time a diurnal revolution of 
the earth is completed, as appears by an easy ob- 
servation: for any fixed star that is on the meri- 
dian at a given hour of the night, will, after 23 
bours 56 . be on the werde * the 


OF THE MEASURE OF TIME. 481 


Sd loving This interval of t time is called a 
Siderial day. | 

But accurate as bag 3 thai: the 
Solar days are not equal to each other, and that the 
time which elapses between, the sun's being on 


the meridian of any place, and its return thereto 


again, is e longer sometimes than at 
others. TE, 5 
Hence astronomers bury been; obliged; dende 


guish two sorts of time; one they call apparenty 
the other mean time. 


Apparent time, called by foreign wri ters true time, 
is that determined immediately from the sun, by 
observing when his center transits the meridian, 


which is at the instant of apparent noon, when. a 
new astronomical day commences. 

Mean time is that which would be dest every 
day, if the apparent diurnal motion of the sun 


was regular; or that | shewn by good clocks or | 
watches, which go uniformly.” The mean day of | 


24 hours, pointed out by these, must e 
be always of the same length. 


The inequality i in the length of. the natural oe 
is termed the equation of time. Now. as a$trono- - 


mical tables can only be calculated to mean or 
of uniform time, the proper results from an observa- 
tion cannot be obtained, till the observed or ap- 


parent time is reduced to mean time; for which 


purpose proper tables are calculated, n tables 
of the en of time. 
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482 SE ed or connxsroxpixe 


These are irerdbd 6 on the second page of every 
ae in the Nautical Almanack, for the noon of- 
each day at Greenwich. It is marked ubtractive, 


When the sun comes to the meridian sooner, and 


additive, when it comes to the meridian later than 
the time of mean noon ; that is, the quantity 
given by the table is to be subtracted from appa- 
rent, in order to obtain mean time, in the first 


case, and added to it in the second. 


| or connrsroupxe on EQUAL ALTITUDES. 


At equal: igtanices from the meridian, a star has 
hid altitudes. If, therefore, equal altitudes of 
an heavenly body be taken on different sides of 
the meridian, the middle point of time between 
the observations will give the time when the body 
is upon the meridian, if it has not changed its de- 
clination. By this means the time when any body 


comes to the meridian may be ascertained; and 
when applied to the sun, or a fixed star, the rate 


at which a clock (adjusted to the mean solar or 
siderial time) gains or . ny be determined 
WH accuracy. _ 

The method of e time by equal alti- 
tees} is universally used by practical astronomers, 
because it depends neither on an accurate know- 
ledge of the latitude, nor on that of the declina- 
tion; for these elements are only necessary in 


. taking out the equation of declination, and any 


OR EQUAL ALTITUDE 4383 


probable error therein will not sensibly affect that 


- equation ; neither does it depend on the exact 


quantity of the altitude, provided OT it be the 
same in both observations. El 


* a 


or THE nrenr ASCENSION AND DECLINATION 
95 pa or THE Anke“ | 


Ol 
14 4 A 


Tbe ee of 8 &. is „ Sand by 
observing their meridian altitudes; and their right 
ascens10n is also easily attained by knowing how to 

measure time. 

For as all stars in 1 same cirele of e 


have the same right ascension, it follows, Ist, That 


all stars passing at the same time through the same 
meridian, have then the same right ascension. 
2dly, The right ascension of stars passing the me- 
ridian at different times, differ in proportion to the 
intervals of the times of their passage. 


55 Example. The stars make a revolution in 
23h 56“ 4“ mean time. If, therefore, by a clock 


regulated to mean time, and an instrument fixed 
in the plane of the meridian, or by corresponding 
altitudes, or otherwise, a star be observed to pass 
the meridian one hour after the other; say as 
23d 56'.4”, the time of one revolution, is to 360 
of the equator passed over the meridian in the 
| same time, so is one hour, the difference between 


the transus of 0 stars, to 1592,28“ era 
9 Fg Hh Aly: Abri c an 50105 


— — — ! 00> DEI Ys rar went 


r es es RL OD r 2 1 * & \ 


80 i 8 enen 
| between their right ascensions; tben the right as- 
cension of one vg nen, the "RE 5 is also 
known. | | | 1 
Whence it ROY that to dees the right 
ascension of any star, or even of all the stars, it 
is sufficient to know the right ascension of one 
star only, and to have a clock which shews an 
equal interval of time for the diurnal revolution of 
the! og} different wacky stars. 


41 * 6 5 . 
4 * 7 5 — 4 EF...) N 
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ProBLEM 1X. To reduce 4h degrees of the 
equator | mto me, and time into 3 7 25 a 5 tie 
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Z £4 22 ; 4 4 * 


4. To reduce 8 Fang TA 3 by 4; 
5 that minutes, when multiplied 6 


1 ns prodafls, and degrees: ne ee. 


| Reduce 23 * 56 into time. 4 in | 
235 _ 
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8 60 2⁰ 45% into time. ; 


| 1 | 3 
8 e EIN (9 ou ah; trees: eres oc tare 


Ne LN ALE Ho 8-3, Kos 4 i 1 7 
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5 io 5 07 #1 4* 57 0 of re 5 | | 
2 ay 151 {i 170 15 . . X 15 « IT) ANG 1 oh 75 

Ls 5 To reduce time into ry wultiply by 10 
a similar manner, and increase the produce 


5 achat or r divide the time by 4. 
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| Reduce ny 33' 44 into degrees. 
e eee 1 33,44% 


931 


” 10 
| T2087 205-4 
Half 7 48 40 FO 
; Degrees 23 26 0. 
Reduce 4* 37 23” to degrees. 
% „„ 
Half 23 6 55 
Degrees 69 20 45 MEN 


or REDUCTION PROM ONE MERIDIAN ro- 
ANOTHER. | 


5 * all the bel bodies rise, Eulchinls, and 


set, sooner to those who are towards the east, and 5 


later to those who are towards the west, and as all 


tables and calculations i in England for astronomy | 


and navigation are adapted to the meridian 'of 
Greenwich, it is necessary for those who may be 


under any other meridian, to be able to find the 
time at Greenwich corresponding to that Pointed 7 


out by their own clocks and watches.” 8 405 
| Without this reduetion no calculations can be 


made from such tables, or r from the various articles 
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ſound by reversing this rule. 
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486 or REDUCTION FROM 


contained in the Nautical Almanack, relating to 
the longitude, right ascension and declination of 
the sun, the equation of time, moon's motion, &c. 
80 as to adjust them to any other meridian than 
that or which they-were wade: 


| 


To find #Y time at 5 ee 5 any 
given time under another meridian. 


3; Find the difference of longitude n the 
two meridians, or how much the given place or 
meridian is to the east or west of Greenwich, and 


reduce this difference | to the, by ths foregoing 
rule.” 


2. If the given RES be east of ich, 
3 the difference of meridians from your 


time; if it be west, add the difference to your 
time. The result will ah The time it then i is at 
Greenwich. eee 
N. B. The time being giyen at. ; Gerenatich, the 
| corresponding time under My. other meridian is 
Example. \ What is \ "of time PY Greepuich, 
x when it is PI 17 1g”. at. Jerusalem, 355 30“ east 
of, ee 0 or in time * 210 20" F: fe 


en 


Kequired Foy time. at. 8 n it, is 
| 28h 32 17” at Boston, on PS, 32th of June; Bos- 
don being 4* 42, 29” west. dns. 28, ev or 
B12 1 46” 2 M. on.the 35th al Jane. 


ONE MERIDIAN TO ANOTHER. 487 


What is the time at Jerusalem, when it is 


21 49 17”, on the gth of September, at Green- 
wich? Answer, 24? 10' 37”, or Of 10 ls on the 
10th of September. 


Again, required the time at 1 whe it is 


3h 37“ O“ on the Ist of May at Greenwich? Ans. 


22" 54 31” of the last day of the preceding month, 


or 10h 54 31” of civil _ on the morning of the 


1st of May. 


N. B. To know the time at Paris, Get & o. 


when it is any given time where you are, take the 
difference between your meridian and that of 


Paris, &c. and then eee as in the foregoing | 
rule. 


40 . any of the motions of the gun or Sani the 


equation of time, right ascension, declination, Semi- 
diameter, and parallax of the moon; also the 
moon's distance from the Stars, for any grven time, 
TRY an 5 er ende 


Rule ist, Find bit the 8 g 1 the 
time at Greenwich which corresponds to the time 
under the given meridian. 2dly, Take the daily, 
the half daily, &c. (according to the interval for 
which you are to calculate) variation from the 
Nautical Ephemeris, and by even proportions find 
the time that corresponds to the interval between 
this ume, and that oem, in | the e ae 


Y : 


4 
| | 
| 
3 

N 

j 


— 
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0 BEOUGTION.” 4 


Add or subtract this variation accordin 8 as the 
motion is increasing or decreasing. 
Example. What is the sun's declination at 
Greenwich, March 27, 1790, at 9*. The reason 
why Greenwich is mentioned, and not any other 
place, is, because the time at whatever place you 
may want the declination, is supposed to be al- 
ready reduced to that of Greenwich, as the first 
e tep to be attended to in all 1 problems. , 


March 28. Neha at noon . 
. March 27. | Ditto, 5 e 


Variation of declination in 24 


» 


noun | ” | _=_ 
Variaticn in 9 hours, by propor. | 
Which, added to dechioation. > 
Gives the required « declination 


ho 


4 wi 10˙ 475 N. 


2 4% 23 


3 46 


3 bode 23. 


a 2 56 ns 


Baek 4 Required i iv sun's (declination 17go, 


August 24, Ah 575 at Greenwich? 


August 24 Declination at noon. 10? 2 ag, 


August po Pe '-Piup 10 38 16 
FC.. bog. noi. 

Variation i in 24 hours 1 1 =. „ 

Variation in 2 hours 57 min. al Nt "0. 


- Whigh subtracted from Gt 10 58 „50, a4 


* 


us the declination —_ 10 125 . 
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PROBLEM x. To find at what time, by à cloct 
keeping mean time, any fixed star oil wy on then me- 
gere e Ege F 


The Sake ascension of the stars s being oh 
on the equator, they pass the meridian succes- 
sively in times proportional to their respective dis- 


tances therefrom. The distance of a star from the 


meridian is, therefore, nothing more than its dif- 
ference in right ascension from the sun reduced to 


time; from whence it is plain, that to find the 
time when any star comes to the meridian, you 
must subtract the right ascension of the sun at 


noon from that of the star; the diffe rener is the 


time required. 1 13 Bid of 


| This .simple calculation 3 1 as 101 | 
general for finding the time when a star transits 
the meridian, if it always preserved the same dif- 


ference in right ascension from the sun: but the 


a Sw 


sun, by its diurnal acceleration, approaches the 


star insensibly; and will consequently pass the 


meridian sooner, by a quantity proportional to 


this acceleration, and its distance from tlie sun. 


It is therefore necessary to subtract from the 


quantity first found another small quantity, that 
may be ascertained. Hence the following... nl * 


- Rule: + Take the difference between the Suns 


and - PluneNs "wioeon! in E. ascension in 24 


non h % d yd. D3265TIN 2d dent 4 
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* 490 : PROBLEMS. | „ 


ede if the RENE is progressive: or their sum, 

if retrograde: then saayy, 

As 24 hours, diminished by this sum or * 

when the planet's motion is greater than the 
sun's, or noreazed 807 it, nen ms Sun's motion 
is the greater, eee FF 0 

Is to 24 hours, 

80 is the difference deins the! sun 18 and bis. 


net's right ascension at noon to the time re- 
Za hen Fe 


eee ee, 


Take the i increase af this sun's » right ascension 
in 24 hours, and. add it to 24 n. has V, 
As this sum 
to 24 hours, = 3 C000 | EE ab! 
80 is the — between the un s * . star 


tight ascension 


CT vt = : c _— 
7 n time required. "ag wits 0 
r 1 1 9 Hen pie 115 


12 ; 1 * y I 
75 4 
5 . ; 57 
1 x s £ 
1 , C 1 3 & -% 
*..2 8:4 a 3 44 5 
| < * * 7 
„ 
: by 8 
* 8 7 ? { 4 82 o i 3 


JI? "i x 8 £ # 


Oh wg 8 b ow sun's 1 ascension, | 
when TON: nen a MARE Coghn was 85 40 | 


. 
4 4 


| 7 & 


* 0 „ ati part Aue these rules, the way ip at 
ion is to be taken from the planet's or star's right ascension; 
- and if their right ascensions should be less than the sun's, they 


Re e. 7 
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25“; and on July 2d, it was 66 44 33”; also the 

moon 8 right ascension was 1590 2“; and on July 
2d, it was 1695 39˙. Required the time of the 
moon's passage over the meridian ? 


Sun's ©'sR. A. day 1 N 6 40 25% 
— — . 6 44 33 
INS 5 | ch | 
Daily increase O 4 .8 
Moon's J's R. A. 159 2 10 360 & 
dess 169 39... ii 1s 
i ©: b bay increase 0 42 28 
Aae s motion in 24 hours 42 28” 
Suns — % oe 
5 ogaade Difference 38 20 
-\ . A 7 8 AP | 
” Son's R. A. at noon — 66 405 28 
5 Moon's R. A. at noon 10 36 8 
PD: mieses 3 55 * 
N 3 Fa, 7 „ "BY q 1 
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At what time will the star Arcturus come to the 
meridian of Greenwich on n the n of neee 


1787? 4 Wn df i ae 
Sun's R. A. 150 1041 5g” Star's R. A. 17 6 0˙ 
Ar i 15 10 45 37 — 10 41, 59 
Increase in Mr 3.38 biff. 3 24 = 


As 24 3˙ 38” : 24% : OM 24 8 1 80 23" mY 5 


747 


the time require, 107 71106 tartar 


PROBLEM 5 5 Th id = altitude . the aue, l 


or a other celestial body. 


"This consists in the simple application of Va 


quadrant to a celestial body, in the same manner = 


as I have already shewn with respect to terrestrial 


objects. 5 5 


The quadrant bake adjusted: as it Should be in 


! all cases preyious to its use, the celestial body 
must be viewed through the sights, and the 
plumb-line will shew its altitude © on "The graduated 
limb of the instrument. 

If the observation be made on the sun, the dark 
| glass must be used to defend the eye, or the lu- 
minous spot formed by the small hole must be 


made to fall on the center of the cross immediately 


5 beneath the * 


* 
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7 central altitude. 8 . 


494 r PROBLEMS, 


Phe sun having no visible point to mark out its 
center, you must take the altitude either of the 
upper or lower limb. If the lower limb be ob- 


served, you must. add the sun's semidiameter 


thereto, in order to find the altitude of the sun's 
center. If the altitude of the upper limb be ob- 
served, "the. semidiameter must be subtracted. 
e mean Semidiameter of the sun is 16 minutes, 
which for common observation may be taken as a 
constant quantity, for the greatest deviations from 


this quantity scarcely exceed a quarter of a mi- 


nute. When greater accuracy is aimed at, the 
semidiameter may be taken from the Nautical Al- 
manack. The observed altitude of the sun's lower 


: limb, being 185 41', add thereto 16. min. tor the 


Sun's s semidiameter, and Ats obtain 185 575 the 


3") £3 e 


1 


The apparent ds of al the Raves bo- 


dies are increased by refraction, except when they 


ar e Situated, i in the zenith. An observed angle of, 
a star, or any other object in the heavens, must 


| be. diminisbed a small quantity, to, be taken, from 


the table of refractions. Tn. 
Where greater exactness is mmm a F arpall 


; 9 is to be added to the e error occasioned by 


parallax, or the. difference between. the altitude of 


an Object as seen from the center and the surſace 
of the earth. That from the center is the true 


"altitude, and the greatest, except at the zenith, 


' PROBLEMS. | 495 


where parallax vanishes; consequently the appa- 
rent altitude of the sun is to be augmented by a 


small quantity taken from the table of the sun's 


bann 
June 6, 1788, the apparent altitude of the sun's 


lower limb was observed to be 62 197; required 


the true altitude of the sun s center, as seen from 
the Venter of the earth. RP 11615 


Obserred Acc , ene 083-1 
Semidiameter 1 


— 


Subtract from refraction - 30 
by Add for parallax IIS ge i 
True central altitude FO OE OF 22G 62 2 26 


It! iti is a fed star ne 7M 1 observed, there : 


is no correction for semidiameter or parallax; you 
have only to subtract for refraction, in order to 
obtain the true altitude. | 135 5 


FOE, 


| Thus let the observed altitude 1 1. | 
Areturus be 55 Rs | 38* 40 


Subtract for refraction I, e een 5 


{ 
+4 


z 2 8 7 9 „ 


True altitude - - 38. 38 50 


—— OAT grout anos F 


e 4 = N Þ 
titude.- * o ＋ *% ( * * þ U 1 
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496 PROBLEMS: 
„N an 3; FEES HTS: 5 | E 181 
5 Wannen, Nur. ET ut the ui. ro the - 
of observation. [0 10 


„When Weben or: a star is nearly on the meri- 
dian, or a fey minutes before twelve at noon, take 


its altitude, and repeat this observation at short 
intervals of time, till it is found neither to increase 


nor diminish. This last, or greatest altitude, is 
the meridian altitude. When the sun is the ob- 


ject, you must obtain the true central altitude, by 


2 wa 


correctitig for semidiameter and refraction, as 


_ahew 1 in the preceding problem. 


Having obtained the meridian altitude, the first 


. object for consideration is, whether the latitude be 


north or south, and whether the declination of the 
object be north or south. If the latitude and de- 
clination be both north or both south, they are 
said to be of the same name; but if « one be north 
and the other south, they are said to be of diffe- 


Y | rent denominations. This being determined, to 


| find the latuude, „ 


#1} 1. Wh. 


"Take the given altitude fm 905 to Ted the 
Be distance. 2. If the zenith distance and 
declination be of one name, subtract one from the 
other, and the difference is the latitude; but if 
they enen names, 96: sum gives the la- 


1 5 Real altitude of the' Sun's . 


PROBLEMS, | 


the declination, unless when the declination hap | 


497 
The latitude | is always of the same name with 


been aubtacted from the zenith distance. 


: oy : . "Beengle 


i Aug: 1 9978 Cambridge. The ; 


. apparent; altitude of the sun s 


e limb. 5 


+3 24] 1 2 


| dee dun- of we sun's 


center 1 > 8 


| Sadat for refraction . +=.» 


fl 8 8 1 ; 


OS hs 
* * 


This sum, taken from 90“, og 8 
I © the zenith distance of Ms | sun * 


center 4 — 5 ns; INTO 
| Add for the sun 8 declination 5 


[3 2.99 5 her © ORE 
* 4 EY * 


35 $8.43. 


16 13 37 


4 $ 2 1 7 
11 * 222 3 4 


The" sum is "the latitude of Cam- | 


N 3 * | * ; ; 
2 5 # ve” 2 4.5 * 
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Ros! 8 2 B19 en 
N. B. Ibe s sun s e ner a8 four 
tables, id to be reduced by — s given p. n, 


. to the meridian oi observation. 591. 
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Nor. 64799, Long. 158. W. the meridian. 
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X % % 7 5 hy 1 


* * 

7 dF) FREE * © 
Oli ude * 1 
Sun's semidkeweter FC 


13 1 3 ** enn — 
x - 4 7 "4 


Altitude of the Sun's "center. - + 07 58 

_ This from 99, gives the zenith dis- . 
tance V 

Declination 85 Ea 3 16 25 3 


$4 £4 
2.42 2 


5 Latitude required — 0 nini 18 32 8. 


Me e RO rg 


Does. 1, 1793. The 8 ma altitude 
of Sirius was 59? 50' 8. required the latitude? ? 
Observed altitude ap 20 eee 8. 
Zenith distance = „ denne N. 
Declination of Sihus:/ e e 16 27 8. 


| i 4 N. 
3 115 5 15 18 vt, A 


ig. 4 00 01 15 ods my I 


8 XIII. To find the Fime by. < 


W539. 


{1 183 18 {15 1815 mw 


Bb 4 problem is of 9 use, for the basis 


5 i of all astronomical observation i is the determina- 
non of the exact time of any appearance in the 
8 heavens; which cannot be attained, unless you 
ute assured of the going of your watch or clock. 
| Thave|before she 5bu, that 4 mean volar day is 


always considered as of the $amei\determinate 
as but the length of an apparent day is va- 
rale, being sometimes longer, sothelimes chorter, 
thaii'd meat day. The instant, "therefore; of aps 
| parent noon vill cottictimes follow, at others pre- 


i 
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cede, that of mean noon. The ad kbtwten - 
a Ry and mean time, is called the Mp of | 
tima m: 14 bf ls "01 WL 66 
To find, 4. . time of Ade noon, 148 
serve the sun's altitude in the morning, and also 
the time by a clock or watch. Leave the quad- 
rant in the same situation, taking care that its po- 
sition be not · altered by any accident; and in the 
afternoon direct it to the sun, by moving the in- 
dex of the horizontal eirele only, and observe the 
time when the sun's altitude corresponds with that 
to which the quadrant was set in the morning. 
Add the times of observation together; the mid- 
dle instant between these times of observation is 
that of apparent noon: this being vbrrected, bk 
adding or subtracting the equation of time, gives 
the time of true noon. If it be precisely XII, the 
dlock is right; but if it differ, the clock 3s faster 8 
or slower, by the —_— of the Parr en 


222221 PORE ets OI ps 4 


| or less than XII. * Akt of "4. 1 FE. 
Thus suppose we. time in de. . 10 We 
morning to be . Fadi. 1. 05. . 


; That in the ; afternoon 


3 3 n 7 1100. * A Ark 20 Er 24 Bath 
. 15 pots N bo, watch 1 12 15 pr 25 


$1 5114 ee n 
Equation eine o „ 55 bark IRS, 4 
Mah feen by watt 1½ 2 
* © The watch is therefore 2 min. 22 see: tho fast. | — 
„„ 11 2 5 


* 


_ 


des will b be the time of noon by the _ —4 


i 
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ft To be more particular and accurate. In our 
latitude, the altitudes should be taken when the 


sun is at least two hours distant from the meri- 


dian. The best time is when the sun is on or 
near the prime vertical, or east and west point of 
tlie compass; because his motion perpendicular 


to the horizon is greater at that time. 


About this time, in the forenoon, take en 
| ahitades of the sun, writing down the degrees and 
minutes shewn on the arch, and also the exact 
time shewu by the clock at each observation: the 
observations to be written one below the · other, in 
_ the order they were made; the time of each ob- 
servation being previously increased by 12 hours. 

In the aſternoon set the index to the same de- 
gree and minute as the last observation, note ex- 
actly the time shewn by the clock when the sun 
is come down to the same altitude, and write 
down the time oppotite to the last morning alti- 
tude; proceed in the same manner to note the 
time of all the altitudes corresponding to those 
taken i in the morning, writing down ench of them 
opposite to that een one _ Wannen eor- 
pee 
Half the sum bor any pair of TIN at- 
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the sun's — and you obtain the exact 
time shewn by the elock at solar noon. This, 
corrected by the equation of time; gives the time 
of mean noon; and the watch will be too fast or 
too slow, according as the time of. noon - thus 

found is more or — than TF hours. Eg! 


. . 

"a. 6-54 32% 13:11, +8 

i c | & 2 1a a1 BH SY THY - 
. L 


Ruge. Equal altindes inken; Jane 1762. 


, r % 
act 1001 15 1 1 : 1441 B Aas it TR OE TNT et Þ 
44 H# + OF 


y - 7 a : x þ 1 
* 220 9 4 4 — 14.33 + N A 


| Morning. | eee 
20 55' 46” 35 844 
20.57 4 3 6 48 | 
20 59 27 3 3% 388 


375 4 
6 


kee ban. } 5 505 57m 41. Ap. 20h 5gm 273 
3938/44 £ 3 6 & 0% * 4 58 
e eee ———— —:—öꝓé 

Sum 24 % 30 24 4 29 24 4 25 

en 12 2 15 | 12 2 144 N ts 123 


2 4 
As by 

vide the sum by 3 (the number of pairs) which 
Z A d r Ae 42 te on ie nn 
Sa 0 Bt 2 . 4 * . 14 o uns 


7 


LD 


% 52 Yam Ps 


2 25 5 £ 
4 44-7 ; ; 123 : 
22 Fart * #3 pt Men 25 n 281 r Niere 1 4 44 1 
3 1 1 3 4 13 63 F Fas. 21 . 92 > bs 1610 9 
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4 N * 134 BF 3 f 5 * 8 * 
5 ES. £4 POL iir i 303 0 non 341 
„% LIED os | * „ BEE 
. 8 nenn wot int fo 


5 — % * 
„„CCCCC EEC 95 EG ee eter tered av 19s 
* 0 257. 


hy vet 


Wat 5 


Fe? aa differ, 1 abe Gebez and di- 
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| i} 
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4 
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i. A 
ö 


Ons. 


ene BLBMS . 


| Die the wean fiber beers 
tne is 404 1+ Zoos 251 vi 125 20 14% 
Equmibn fbr $ix-hours aeg in * Dion 


10 declination | SEN] 90 1 FR 9510 Patt 2 AGO agen 8 


Aud Hon 200 Git 1 38 Ai . IF" a — 
Time per 3 apparent noon 42 2 14.8 g 
_ Equation « of "ne. 3 55 1 


Time F ch pf ee bell, 25 i 12 0 19 ; 
The watch i is 19 we 7 em ates too Jace for mean 


Non. * {hay 


me. 
5 ; .Þ gs 1 . R OA 4 © 3g Fs * 
4. . | 
0 "I 805 29, 1 omg 
: * 198 +; 
fernoon. 's 


60 00 EY 553% Mt | 1 
"+ nah 2 34 242% 

De Jet 2 52 41 2 | 
>. IC -: . 51 38 Urte; 
. ei mme 
h, m. Ks 2 e m. 8. th 


[LES 33.4.0 125 8.34 21.4 38, A * 


2 2 52 
dpi. 2 55 55 * 8 d) 2 ll ence 92 2 Tea 


Sum 24 30 31 24 30 80 2¹ 30 50 % 40 50 5 
Lem 12/45/25 6 e 12 16 26 1 1215252 


=” 


"The difference here is i only among the thirds, 


. which added together ar #4 8”, divided by 4 we 
| have 2. Therefore 


The mean of the obzeryed time is 191 150 25 of” 
e peers for declination ˙k; 2 


. 2 
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, 


Time of apparent-noon by tes 12 na% 


| Equation of time = 85 00 180.29 B/ 
| ae 
Time by watch 8 noon 1 | 15 35.122 
Ry ae! n e ing a Af *r 


7 4 
ET CIC 2 ' 941 © 6d} : 118 : * * 1 5 2109 Ts) E { 955 
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watch, 1 by att ont ng or 4 altitudes' of \ a fired 


Tits f 93 #268: 
Star. 151 b 


0 3 - 243971 5 2. i 10 Moine 29 


Shu 102 Add half the gh time betwegn the 
Fan to the time when the first altitude 


K EE IRF 


was taken, and you have the time of the stars 


transit over the meridian per watch. 


Rule 2. Subtract the sur's right ascension from 


stars, increased by 24 hours, if necessary. Take 
the increase of the sun's right ascension ah 24 
hours, and 1 it to 24 ore *. then: Say, 


| As this agg FFF . | 

Is to 24 books, 3 | | 

So is the- difference between the sun and star's 
right ascension 


Jo the true time of the star's transit. „ 

If the watch be regulated to solar time, the as. © 
ference between the true time of the star's transit 
and the time shewn by tha; watch, 1 be the 
eo 1} 


3 3 1 


If your. Sorkin. be different, Gow: that of 
1 
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504 PROBLEMS. 
P - % as 


A0 bos e nd trist 


Are to the an difference of the ande . as- 
cension; 


80 is the longitude, in "ins, Ave eck 


To a proportional part, . must be ala to 
the true time of the star's transit, if the longi- 
tude be east, but subtraoted if west. | 
Ft the watch be regulated to mean solar time, | 


1 that is, if it divides the time equally, apply the 


equation of time as directed in page 2. of the 
Nautical Almanack, to the true apparent time of 


_—— Wn? os e e i EIS), 


5 Sz NY I 18 2 [742.3 181 81 
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, 1 3 £1.04 r 4 nog wt £5 
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On the 6th of November, 1787, at 115 10 9 


P. M. and at 100 4 15“ solar time, the star Al- 
debaran had equal altitudes at . 
3 che wth: too fast e or too low | diy 


My 
46%. Fs 1 5 
11 10 tt 


DECKS 


2 Half Sip time 2 * 1 85 
* Time Ist altitude | A 


4 1 S Da 
7 . . 


| dre 5 rant per watch 13 37 12 


N [ I pes 
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| Star's R. FY 1 LE ©28 505 


1 * — 
8 4 2 

8 ws 
|: 3 
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= E 9 e 
: ; i F243 7? EW, 
* Fs $ 3% * 0 i 4 5  & - * * 14 v >& Wot - 2h — 
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Sons R. VV 


* 


| Difference ini PIA TAS). - 


* * * 


Sus R. A. Nov. ö. 14 46 15 Ns; 
(RS! Bu 7. © 2420 8" 


£ ine 
Boche in 24 hours 04 0 


— — —— 2 — 


As 245 4 24) +: : 1388735" e 19 true me. 
Time per Wann 37 42 04210] 


e fast Hod 55 fr IP 5190 i. 
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- On. July 13, 1792, in N 23· 20 E. the 
| . following equal altitudes of Altair were observ- 
01 offs | Required t the errors of tl the watch? 


e lei eee Time per watch. 
real 0” — 27*23' 1435 57 | 
o 19 16 SOAR 401! % 8 0117] 
| 0 20 12 - 27 55 » 0 3244 
+560 an 54 28 1a -:-D\SH/ 53} 1 
0 3 16 28 30 0 29 41 
8 45 55 28 52 14% 1 
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wh Ip 10 2 fn N "v7 1 13s 
1 time of st A 858 21˙15 555 


Mean time of 2d obserration 14 31 41 6 


: . n . 5 Wi 2) 6 10 26 1 dif. 
DEL Half elaped time - 2 TI 


dere . A. K. 19.34/40 


4 
BY. . Ly A. __ 4 5 — 8 13 at 


1 FR 3 2 hy 11. 1,20 FP - 
; Fo 111807 2 8 


fan's Rc Adee lier 8 13 41 
Ro. E e . 8 17 39 


nber 427 mi? dn . 180 1508 . 
„ N 81 ig 1 5 W N EY "74 5 1 8 
True time of $tar's- + trans. correcied 21 © 
„„ ,, T2." +. 6508-5 21 


= * 8 1 2 
n 3 92 465 1% 4 
9 Wh. 7 * A * 12 4 — 54 . 


; Watch too fin for r apparent time 93 3 = 7 


nobis. Of 
True apparent time ol $1ar's transit Toes 130d 


. .oa&daboxe 'o 2h ond e 0) LYRIC 
| Equationoof time: | ric ae mal b 510g — 


il SthieamenhB 
True mean solar time e 
. 88 01 9 04 1% 10494481. 31330] 
Fine er watch | 5 ts 
ol 118905001 «GA T8017 68S 1. SAA * 1 e 7718 20 


| Witch dr low or wen coker time | i 


38 ante: 9c why Slg 8 sro att aas 
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PROBLEM. xy. : Tod diaw a a merigian line, 0 


00 
a gre cardinal | points of i the ce com page, 5 equal. 


tit s of 1 e SUR, or o tor. 2 


1998 30 11, ler. H s fit 
ſh, tfequal altitudes of the aut he tied /aceli@aney | 


in l prbblem «iii, ard"theÞþlace of the index en the 

horizon Cirele be carefüilly noted dt eaclt time | 

observation, the middle degree or part between 
eagh, will be the place where the.jndex will stand, 


when the sights of the quadrant are. directed to 
the south, or north, according as the sun is to the 


gouthwark or northward of the place of observa- 
tion at non. Set the index to this middle point; 
| and diteot:the'sights of the quadraft to some rer 
woe ud fixed object on the earth! This objett 
Will bs South meridian/markz And will servéltô 
cee thelquidrant at any future time, Then "take 
up the end, nds setting he index to o, 
place it again 6h the table, or support, and move 
the whole instrument, not by an of its parts, but 
enthely about upon the table, tim the sigbes ars 
mu directed f che meridian mark. Achat the 


: um's light. hrougt forme 
_ night, will by eee the mark on the 
_ '- latter. . If che obseryer; chuses to.look at the sun, 
. be must now put up the dark glass, and apply to 
5 the ans Th 
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horizontal cirele by Prob. i, and the index will 
then serve to shew the true bearing of any object; 


because the diameter joining the two zeros, or Oos, | 
| answers to the-meridian line, 1 


I the table, or support, be immoveable, it will 


: be proper to make three marks, or indentations, 


to: receive the, points of the screws; by which 
means the horizontal circle may be instantly, at 


any time, set in its proper position, with respect 


Ig 91 


to the DEN IINts of. the > horizon, 8 
It oſten Happens that there is not any ide 


« in a house, from which the sun can be seen 
morning and evening. In this case the meridian 
may be determined by observations of equal alti- 


tude of ane ar near * 


931100 "1167 * 480 95m SI DDICT 2 15 Si 1 


| „ Probfröt ®vi." W the time! 5 the ou 


tansit ov er Pie mbvidian. 20M 10. 21992268 1 


a0; #3197 93; a8 40h 19959591 Afrno; 


Adjust — cardinal points 2 


the. last/prablem, a short time before noon. Set 
be index to O, and elevate the quadrant, 80 that 
de shadow of the sight with the cross wire may 
7 Glb-apon; e As the. rai ine _ 


: nenen the first ud 


i 


1 vation of the SUN'S err and azimuth. 
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or edge of the zun, appears to touch the perpendi- 
cular wire, and also when the latter limb appears 
to leave it, must be noted by the clock or watch. | 
The middle time is the apparent noon. Or if he 
chuses to observe, by the bright spot only, the in- 
stant when the spot is seen upon the mark is the 
apparent noon; and this, corrected by the equa- 
| tion of time, will Shew how much the clock is fast 
or N 


. irt XVII. To find the time by an obser- 


- 4 
14 9 1 1 


Adjust the. instrument to the cardinah ln 
anni observe the sun's altitude. Take notice like- , 
wise of the angle of azimuth from the ne as 
shewn by the . n ee ee e | 
Then, x FFF ee 
| As the sine 8 of the sun s declination. 

Is to the sine complement: ofthe I] ot” 

So is the sine of the azimuth | 505. Doe 54 
| To the sine of the sun 's horary n „e i 

| Which last being reduced into time, oy Mow: 

ing fifteen' degrees to one-hour, and in proportion 

for the other parts, gives the apparent time, if after- 

noon ; but if before noon, it must be deducted = 

from 12 hours, to give the time. This apparent 

time must be. corrected by the equation of time. 


 -(\-Example: Suppose, that on the 218t of June, : 
the ou'salitude was obveved aaa „„ 
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W 112 595 be \delination- "being 


23% 29'; On 29779] vt goto els Har . 


As the oosine of his sums declin ation 


Saran toon tears Hil, = 
| b to the ooine 8 ou adde . 0 01 2:3; 
eee ie DUE ee ee e 3 
80 18 _yy Wn the gzimuth 11 25 ao. 
e hen Ht was aloe, 
5 ö | 19.8025566 
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2 IE ? {lt +:4 +3 
V Fi * 
2 a 


„ 55 1 


To the sine of ks. honey angie 43⁰ 


2 ere you e SO en e e 
ne l in Fun 38 N 


n das 15? at 0 fn av? ln! to 25. ou 87 . 


apparent or true time past noon, to 9 4.52 be- 
fore noon; but neither of these times ec 
vith a watch which measures time equally. 


The guten of time for noon at Gncemyich is 
1 15:9”, the daily difference 13"; therefore, as 
24 is to 13”, 80 is 25 558“ to 1.5” consequent- 


1 addedits 1-159", or 1 1a lan 1 


ton ede ace ade giverhour's: but 


55 8, added to 117 Ses ars e the 

time past noon per ehe ond 33 mf {oc : 
| t may be necessary to en chat er 
you apply the equation o of time to that immedistel⸗ 5 

dedueed from calculation; you must add or sub- 


den 8 Ne Uk a6 63 WR: be: is t 971! 
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tract as the Nautical Ephemeris directs and if 
the time is not very near noon, you must make a 
proportion as above ; but if you apply the equation 
of time to the time per watch, you must subtract 
where the ephemeris directs you to add, and vice 
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UNIV ERSAL SUN- DIAL, 


A. 2 1h | AND ITS USES. 
1 8 i - | I 


Tux phunb-line, or direction in which gravity acts, 


being the only line we can at all times have im- 


mediate recourse to, for determining the position 


of objects, is the chief particular to which the cir- 
cles in'the instrument last described are adapted ; 


and accordingly their planes are placed the one 


parallel, and the other perpendicular to that line. 


But as there are few places on the earth, whose 


vertical or horizontal circles correspond with those 


in which the celestial motions are performed, it 


was found necessary, at a very early period, to con- 


struct instruments adapted not only to the mea- 


surement of altitudes and azimuths, but also to 


follow the heavenly bodies in their respective 
paths, and determine their right ascensions and 
. dectinations, more immediately than can be done 
by the quadrant and horizontal circle. The equa- 


On 
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torial inthe most e e modern. nnen or 


«I * £4. : 
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a — — * af the follows 8 b 5 
— horizontal circle EF, plate. gy Fr di- 
vided, like that of the former instrument, into 
four quadrants of go each: But instead of a 
moveable index, there is a fed nonius plate at N, 
and the circle itself may be turned on its axis. 
In the center of tie horizontal circle is fixed, aj 
strong upright pillar, which supports the center of © 
a vertical semicirole A B, divided into two quad- 
rants of go each. This is called the semicirele of 
altitude, and supplies the place of the quadrant in 
the former instrument; but it is more extensive, 
useful, because one "quadrant serves to measure 
altitudes, and the other depressions. It bas no 
nme but a nonius plate at KK 
At right angles to the plane of this semicirele, 
thowquariariad circle MN is firmly fixed. It r re- 
presents the equator, and is divided inta twice 
twelve hours, every hour being n into , 
parts, of five minutes each. 
Upon 2 circle conn aogtheg eirele, 
with a chamſered edge, carrying a nonius, by 
which the en the equatorial may be read 


off 1 $+ en right angles to this 
cle of declina · 


tion J divided into two quadrants f 0b each. 3 
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The piece which carries the sights O P is fixed 


do an index moveable on the semicircle of declina- 
tion, and carryng. a nonius at Q. The sight O, 
to which the eye is to be applied, has two small 
holes, and a dark glass | for: covering either occa- 
sionally ;; and-the sight P bas two pieces screwed 
on, the lower having a small hole to admit the 
solar ray, and the upper carries to erbss wires. 
Lastly, there are two spirit levels fixed on the 
*  borizontal cirele at right angles to each other. 
£ "The following are among the many problems 
which may de so ed with peculiar facility, 4 
means of this useful instrument. 
{WJ BLUA df) has inge 94! 1 Evie % hin ae 
1 N Iii. is e WE cee fe. 
5 77 2 5 301. 0 e eee On end 
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is the iodine pies fi auppedt, . to 
15 adjuat the levels, and the orizontal or azimuth 
eirele. Turn the horizontal cirele, till the begin- 
2 NP mae with the middle 
nus, or neur it. Ix this situation, 

one . war acts will be found to lie either in a 


Ehr line! Joining the to foot-screws which are 


i the nonius, or else parallel to such a right 
5 wy By means of the two last · mentioned screws, 
Feause the bubble in the level to become stationary 
85 it brooms neg then turn the horizon- 
C alf round, u ION 


nad 5 


the nonius : and if the bubble remains in the mid- 
dle, as before, the level is well adjusted; if it does 
not, correct the position of the level, by turning 

one or both of the gerews which pass through itis 
ends (by means of a turn-screw), till the bubble 
bas moved half the distance it ought to come to 
reach the middle; and cause it to move the other 
half, by turning the ſoot- screws already mentioned. 

Return the horizontal circle to its first position, 
and if the adjustments have been well made, the 
bubble will remain in the middle; if, otherwise; 
the process of altering the level and the foot- 
screws, with the reversing, must be repeated till it 
| bears this proof of its accuracy. Then turn the 
borisontal eirele till go? stands opposite to the 

nonius; and by the foot- screw, immediately op- 

posite the other 907 (without touching the others), 
cause he bubble of the same level to stand in the 
screvys set the other level (not yet attended to) s 
8 chat its bubble may oecupy the middle of its _ 
Sececondly, to adjust the-line;of sight. Set the 
3 nonius on the d ec ination semicirele at 0; che 
monius on the horary circle at VI; and the nonius 
von the-semicircle of altitude at 90 Look nw 


£ . 
| et pps ee center of the exo wires, Be 
| KK . | 


— 


wires in both positions apply to-the'ss 


PRoLRNS. 
verse the sermeirele of altitude; so that the other 


90 may apply to the nonius; taking care, at the 
same time, that the other three noniuses continue 
at the same parts of their respective graduations as 


before. If the remote object continues to be seen 


on the eeniter ot the cross wires, the line of sight 


is truly adjusted; but if not, unsere the two 
screws which carry tbe frame of thee eross vires 
and move the frame till the intersection appears to 
ke ane Object, half way: besen hs dbject 


+ ved, and that to which the wires are 
applied in che last position: Return the semicir- 
ole of altitude to its original position: if the inter- 
seetion of the wires be then found to be on the 
object to which they were last directed, the line 
of sight is ru adjusted; but il not, the frame 


must be agaim altered as before: and the same 


general operation tust ert 


d, till the: 3 


Go Besides this adiastment of the e, 800 inter- 


tion it is 'necessm y that one of the wires 
ahould'be in the plane of the declination semi- 


Litcle and the other at right angles to that plane. 


As the wires are fixed at right eee each 
other, the adjustment of one of them will be 


5 sufficient. For this purpose, observe any- small 
| object on one of the wires; if it be the vertical 
85 wire, en eee e wee emieire | 


% 
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semicirele on the axis of the equatorial circle. In. 
either case, the object will coincide with the wire 
during: its motion, if the position be right; if not, 
alter that position, taking care not A anne the 
center from its adjustment. bs 
at To-adjust the piece which ee 3 e for 
| forming the solar spot, direct the sights to the 
sun, so that the center of the luminous circle, 
formed by the aperture which carries the oross 
wires, may fall precisely on the upper sigbt-hole. | 
Then move the frame, with the small perſoration, 
till the Solar 10 falls _ on the lower n 
; hole. N No \ 
- Thirdly, to find e e to e to 
ce csg by the semicirele of altitude. Set 
the nonius on the declination semicircle to O, 
and the nonius on the horary cirole to XII; direct | 
the sights to any fixed and distant object, by 
moving the horizontal circle and semicircele of al- 
titude, and nothing else; note the. degree and 
minute of altitude or depression; reverse the de- 
5 clination semi ircle,. by directing. Herne on | 
the borary circle to the opposite XII; direct the 
dights again to the same un by means of the 
| horizontal. circle and semicirele of altitude, | a8 be⸗ I” 
fore. If its altitude or depression be the same as 
x With e in 2 other nem aun 
Fer co.of the Co edle ee -QITC h . pun | 


— 


# 


> two prntiiogs/of Las wh on 


. = 


ien to all e S oriaeaifienians: made 
with that quadrant; or half of the semieircle, 
which shew the least angle; or to be subtracted 
from all observations or rectifications mu with 
the other quadrant, or RAR e ebe 
When the levels and cross wires are 4 truly 


set, they will preserve their adjustment a long 


time, if not deranged by violence; and the cor- 
 rection' to be applied eee wi m role of altitude 
* 3 en Nee i e e RI: of” 
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- PrOBLEM | xix. To measure N either" of 
| atimuth, alice, eee Geck 


— 


. ͤ , . V ESSE & £44 3.5: 8 of 3 2 4 
Ne e l * £32 * by 15 N ah . Th 


Frome the middle mark: of che 7 nonius on the 4 
e at O, and fix it by means of the milled 
screw behind. Set the horary oirole at XU on 


the equator, and the instrument (pre 10 
buch . ea kor observation. "Then aft the 


aned between the 


_ Horizontal: eirele, will she w the bonzonul an nglo 
in Jag hs. manner as has been deser 


Head 


It 


it. And likewis3} if the 
32 directed to jo ay je _ _— the 


8 
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3 


n A ieirels will be 23 al- 
titude, if on the quadrant or part next e | 
or of depression, if on the remoter quadrant. + 

Remark.” It is proper in this place to desen | 
the nature and use of the admirable; contrivance 


commonly called a noniur. It depends on the 


simple circumstance, that if any line be divided 
into equal parts, the length of each part will be 
greater, the fewer the divisions; and contrariwise, 
it will be less in proportion as those divisions are 
more numerous. Thus it may be observed, that 
the distance between the two extreme strokes on 


* the nonius, in the equatorial. before us, is exactly 
equal to eleven degrees on the limb, but that it is 


divided into twelve equal parts. Each of these | 
last parts will therefore be shorter than the degree 
in the proportion of 11 to 12; that is to say, it 


| will be one-twelfth part, or five minutes, shorter. 


Consequently, if the middle: stroke be set pre- 
oiscly opposite to any degree, the relative posi- 
tions of the nonius and the limb must be altered 
fire minutes of a degree, before either of the two 
adjacent strokes next the middle, on the nonids, . 
can be brought to coincide with the nearest st oke 
of; a deg ee; and 50 likewise the second strokes on 
the nonius will require a change of ten ihütes, 
the third of fiſteen, and 80 forth to 4birty, when 

the middle line of the nonius will be seen to be 
cauidistant between two of the strokes on he 
bimb; after which, the lines on n the oppoaits, Me | 
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ek. che nonios wil coincide in essen with 1 
strokes on the limb. | 

It is clear from emu thine whenever the middle 
ene the nonius does not stand precisely op- 
posite to any degree, the odd minutes, or distance 


between it and the degree immediately preceding, 
may be known by the number of the: stroke on the 


7 — ae eine strokes on 
2 av en in derer quadrants are reckoned. i in 


opposite directions, so likewise the nonjus has 
two sets of numbers: for the use of which, it need 
only be remembered, that they always begin from 
the middle, and go to 30 minutes, and thence 
from the opposite 30 minutes in the same direc- 
tion to the middle; nd:that. aan must eee 


| OY 180 2h endes THT, 
RAW}. WY W 8% bin a 7: | 
nennst XX, Ib ind the darn ant of an ch 


coor Get is 175 % bis 44 7 5 


2 ie may ho * by i measuring a a x base ql 


the horizontal, angles,. and proceeding : as directed | 
At JT ii, , But. as "the equatorial a enes | 


* of, deprexion 0 * ell ez fi elevation, the 4 


e iustrument they must be read ih the opposite dirce- 
tion; besen damen players its divigions fewer than the 
on the limb to which i it is equal, 2 coincide 


FI Vin the game direction 5 tion of th 
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tions, may not als be.on Want lexelt but may 
be vertically the one above the other. For exam- 
ple, if the altitude of any object be taken from a 
lower window of any building, and its depression 
from a window immediately above, and the dis- 
tance of the two stations of 8 cs me 1 
accurately measured. Then, 228 IO 
As the sine of the sum of the 1 af je 
and depression, (or of the ee if * 
be altitude or both depression) 5 
1 to the sine of the angle at the 1 upper station; | 
80 is the distance between the stations 8 


To: the. distance of the e Hf, 79 n it lone 


Station. . 


＋ * 


n * es a window near r the bottom; | 
"of a house, the angle of elevation, BCA, Plate 15, 
I. 9, of an object, B, was found to be 407; eigh- 
teen Fete above the foregoing, Posttion, the anglo 
5 D E was: observed to be 37” 1 oth Then, phos 0D * 
As: sine of the difference of the two en - On 
" "angles . 8 ce 
15 to the sine angle BDS. chil mp Nee | 

angle BD E, plus 90 127 30 994067 
80 is D C 18 feet 5 
2 See 0.885 Wb. ul oy 8 *. 


e e 17 7547592 
le ee a nir i bus v aM 569070 


"ate tn latoc Sint sinne ig 


To B C, the thn „ d | 1 
wth 327 38 feet feed ee „ 8 517 
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— From C, ploss 15, N. 10, a win- 
dom near the bottom of the house, the angle 
BC A of elevation of B was found to be 15% from 
Di 18 yards higher dee . of ae E 0 B 
was 10 dees e een W a en 
Them 
As sine of sum ofthe angles 25 — „ ocssete 


#4 #2". Math ry 4 $ Rr " * 1 
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To sine angle BD C80 99983515 
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beta XI. X . Ton measure re eight and diatatxes, 


; = As the 1 of altitude answers 5 every pur- 
pose of. the . quadrant, in the instrument before 
described, and the borizontal circle i is common to 


| both, It will be easy for the intelligent learner to 


7 the Problems i il, ir, vii, vii, and! ix, by the 


x 1 1 : 5 
3 os 8 fo + x 75 


M XxII. To plot a piece of bY 


| 5 AT 1 1 
5 % he Puoblems v, and vi, with all othem which 
n the mensuration of horizontal angles, 


ed with eg Sy oh 


Us. * r SE 
} ( 7 


oy R ** pe 
tofial. 


POEM s. 593 


> eps 410 Ir AIs 1 at 1 n: m2 Ai. enα²⁰e 9111 
""ProBtikts **, rie, Ku > af WOE 
4a. ho *O £601. 7's Þ 11115 n » £04: 15853c{;}2 dot 


Under eee obsefved, chat the 
Problems xi, xii, xiii, xiv, xv, K, and xvii, für 
finding the latitude; the time by equal altitudes, 
the position of the cardinal points, aid the time 
by the sun's transit over the meridian; er by its 
altitude and azimuth, may be pe fee with 
equal ease and greater accuracy by th t orizontal 
_ citcle and semicircle of altitude i in the instrument 
before us, as by e quadrant Wer x 
those problems. Es Se 
I shall now proceed to wits at- busse 0 
ane N ee is more peculiarly adapted. 


55103705 Dua 
70 . X Ow Ie.” | bajo vals 48 Unie . 


8 ere To find the latitude F the | 
8 by the gun, 7 22 known : fixed Star. 10 L 

ant oemne 20 & 0 38 yam abate af 
The ipsrrument. being F "peaking io 
the directions already given, set the semicirele of 
altitude to 90, and when the sun is coming near 
the meridian, devits the sights till the bbnter of 
che sun is edc in the Cen ter of the ers wires; 
then follow he sun, by moving both che Cad 
rial and declination circles, if necessary, m 


at his greatest altitude: the nonjus of the degjina- 
tion will then give. you his meridiaaltity 6: from!” 


add * if it be south; the ieee if north, and 


| Subtract his declination, if ik he.gorth, e 5 


5324 PROBLEMS. 
the sum, if south, is the height of the equator, 

. that is, the, complement, of the latitude; from 

which subtract the error in altitude occasioned by 

refraction, and the e Subtracted rows 90⁵ 

gives your latitu lee. 

5 8 Thus, April 7, obcorntel- Ae e 6 715 
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1 | The latitude may be obtained in th same man- 
= - Wy a fixed star, whose declitiation 18 Koown. 
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F oops be lH de 
1 alitide of the won aHould alter | 
5 tis is) general! bg, " the case more emi- 


e e r, W denen oft n e e 


4 


55 ond the time, from one. observation. of the, page when 
; ms, 4 Agog the lat e of. Me, ee, are 


a ROBIEMS. | as | 


nently;: the farther that eee is from the me- 
ridian. 11 Therefore Df} HL AH $447 14 310.259 4 
At the distance of 8 or 1 5 hours cither 
before or after. noon, adjust the horizo | 
set the semicircle of altitude; so. that its nonius 
may stand at the co. latitude; lay the plane of the 
last · mentioned semicircle in the meridian, by esti : 
mation, its O being dfrected- towards the depressed Fe 
pole; place the nonius of the declination. semi- 
circle to the declination, whether north or south. 1 
Then direct the line of sight towards the W 
partiy by moving the declination semicircle on J 
the axis of the equatorial circle, and partly by | = 
moving the horizontal circle on its own axis. 2 
There is but one position of these which, will: ad- | 
mit of the solar spot falling directly on the mark 
on the opposite sight. When this position is 
obtained; the nonius on the equathrlal, or horary 
circle, shews the apparent time and ee 
altitude is in the plane of the matidian 
n&bin->9; 014 225; doi 60710011 nig ARSICONq AD 


RC 150 Kk! "Py" "fd the ini, wie 


J wal „ be T's Aero, and the meridia? 
[OY ae bite 3 5511110 8 166 DS. den rs Ham 
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SOSA 5 43 * RN OTE Her: o Hatt n 
The me Walen ban 9 5 equal altit | 
the sun, or a star, which is the nad 
settled by a meridian mark, or by indentation, to "3 
set the screws in, place the equatorial accordingly,  _ | 
and _ ir by _ levels. Set . 5 
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| * Fx.” "himds: to the delten ene te place; and the 
5 . ee of the line of sight to the declination of the 
. Furn this. last semicircle, till the sights are 


| dat to the sun. The nonius will 0 
| 3 | mee horary circle. kite 2d 
| - h lem is more aceurate than the forego- 


and ma be. applied at all times when the sun 
bo — elution NN O ot iucÞ 
= „ i 1101181 EO galt * non N l ya : 
| «: 9 40 01969 57 Wal Silt got 

$ Pro Lone 475 2 os 60 } e PL . Tine 
—_— Wen jþ the 2 4, ml 5 declingtion, and the atitude 
—_ 80 Qi Mb Pd gurodt 4 L 

of , "plate, e kee, 


be: 5 e 18 HORS: 4 JO ers pi 
; ai instrument. Set the semicirele of 
| alittle to che oo. latitudes and the nonius of the 
csetmicirele; to the declination, and set 
- thes n of the tiorary cwele 46 de apparent 
r orizontal circle till tlie sights 
— Wreidirected to thersun The semioirele of al- 
ültudde is theft in athe plane of the meridian. 

„ This problem rives the position of the meridian 
5 erg. ace rate than Problem XXyiii. It is much 
ms Mm gre ready, 1 where the time, can be bad, than the 
. => of * equal altitudes, and it. is near enough 

to the truth of small instruments. The nearer 
the Observalion is mãde to he time of noon, the 
betten because the sun then changes its azimuth | 
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the sun, or any celestial object, 'when the latitude» 


of the yay and Position A the meridian are known, 


AA th 213 wo HOWS 


ert the insttumeut for Ro ei Favs i 


| 15 555 foregoing problem, and place the semi- 


circle of altitude in the meridian. Then direct 
the sights to the object, part] y by moving the de- 


clination semicircle on the axis of the equatorial. 
circle, and partly by moving the nonius of the 
semicircle pe ratrg Thin nonius will then 


bew the delineating.” 9143 10. 3142 TL ap te 40 


; * 
3 n ef 3 85 r 110 Enes r* 


Ant xxx1t. To nd the * l Accent 


i any celestial object, when the time, the Latitude, 


and the Position 104 the meridian, "are known.” iow 7 
* N £11995 E 31 "Eh * [T2 


Maps the instrument for chad ahad 7 
place the-gemicirele of altitude in the »meridian. 


es the. echoed 22 wan _ 


"then. (place: the; aight-=-dnhs 120 ee eee 


thereof, and observe by your clock the _— 
when the- object 
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PROBLEM XXI. Tv find the declination of 


* 


asses the vertical wire. Fs 

By the clock you have obtained the sun's Wa 

by the nonius of the W Jan e ths 
hour of the object. 7 

Take the difference between this sun's time 

: and the star's time : and if the time of the Rar 
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A * less 0 that of. the: sun; add that diffe- 
| 5 rence to the sun's right ascension at the time 
2 observation ze the sum Lrejecting 24 hours, 
1 if it exceeds that eee, . the wd egen. 
05 of the object. | 


3 Bus ig. the di time exceeds that of 5 
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a HY, 


4 | ice muzt be taken from the sun's right 
woeentiong the remainder (adding 24 hours to 
4 „ the sun 's right abcension, if eee the 
Y 3 ITS right! asgension of -the star- $131 WOES! One 
=o: { 01-0; Stier od; 7 
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inde 31, 1778. | 

ai a star, the time by the 4 
equatorial was 10h N 5.07 Fr N 
i. e. astronom ical 222 00 00 
Sun's time by the clock 5 ̃ 5 4 W i 


: e Ea ad is 17 55 4 
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| Difference between the two *  - 4 4 56 

As the star's time exceeds that ret 
ol the sun, this difference isn 

to be subtracted from the h By rt, 
sun's right ascensionn 10, 38 58 

Thee is the. bogs as- OY Tk 
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eib ite XXIII. Ty direct the Ine 1 a. 
Way Sar. or b wee N 


TRIS * N PI 
io " Albin: Mm; i is, e it 80 . e 
the ciroles of altitude and declination may: be.in 
the plane of che meridian ; set the semicirele of 
altitude to the co- latitude, and me oirmle eg de- 

elination of the given body. 
Take the difference between he ia a8cens 
sion of the sun and given body, and if the right 
ascension of the body be greater chan that of 
the sun, subtract the difference; if not, add to 


the time of observation. The remainder in one 
ed, or the's sum in the other, will be the beth! 
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IG; minute to which the. l on the W 
' - Eircle is to be set; which being done, the: t 
will point to the star or planet sought. 
IIf the time be too small to admit of won the 
RL difference taken from it; borrow: 24 haurs, and 
| ee a remainder. from _— at; noon. : 


7 


hf XxXIV. "To | find” the Gs” 
Adjust the . to the CO- latitude and 


Y meridian, and take the time of the transit of the 
: mameoott's limb, and also of a proper star, as near 
= as possible to the moon's parallel, and the longi- 
= | tade may be determined by the following rule. 
* Rule. Find, from the Nautical Ephemeris, the 
| increase ofthe moon's right ascension in 12 bours; 
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